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ABSTRACT 
A b i o l o g i c a l  s t e r i l i t y  i n d i c a t o r  was designed f o r  dry  heat  
s t e r i l i z a t i o n  a t  135 C. Table t s  composed of c leaned,  w e l l -  
d r i e d  spores  of B a c i l l u s  s u b t i l i s  WC18, a notab ly  hea t  
r e s i s t a n t  organism, were herrneticalfy sealed under dry  
n i t r o g e n  i n  a Te f lon . con ta ine r .  The con ta ine r  w a s  surrounded 
by va r ious  me ta l l i zed  thermostable f i l m s  and sealed i n  Aclar 
f i l m .  Each t a b l e t  contained about 1 x 10" spores .  
Thermal s t u d i e s . w e r e  conducted for  exposures of 2 - 24 hours 
a t  135 C. Only one- th i rd  of t h e  i n d i c a t o r s  survived t h e  
c o n s t r a i n t  of s u r v i v a l  f o r  18 hours a t  135 C. It w a s  found 
t h a t  d i s p e r s i o n  and a g i t a t i o n  s i g n i f i c a n t l y  increased  t h e  
inc idence  of p o s i t i v e  c u l t u r e s  i n  t r y p t i c a s e  soy b ro th ,  bu t  
a 100 percent  reliable i n d i c a t o r  was no t  achieved. The 
environmental  and n u t r i t i o n a l  requirements f o r  recovering 
the rma l ly  in ju red  spores  of t h e  tes t  organism must be  
e s t a b l i s h e d .  
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INTRODUCTION 
The C a s t l e  Company conducted r e sea rch  and development on a 
b i o l o g i c a l  s t e r i l i t y  t e s t  system t o  i n d i c a t e  s t e r i l i t y  a f t e r  
a p p l i c a t i o n  of dry  heat  s t e r i l i z a t i o n .  
noted w i t h  t h e  paragraph numbers used i n  Art ic le  1, Statement 
of Work, JPL Contract  951001. 
The o b j e c t i v e s  are 
1 (a) (1) (ii) 
1. (a) (1) (iii) 
. .  
I s o l a t e  an organism r e s i s t a n t  
t o  dry hea t .  
Determine a proper c a r r i e r .  
Determine t h e  organism's s p e c i f i c  
r e s i s t a n c e ,  both wi th  and without  
. the carrier.  
Formula te  a system ope ra t ing  
procedure and f u n c t i o n a l  method 
for  p r a c t i c a l  usage. 
Conduct f o r  JPL approval performance 
t e s t i n g  t o  demonstrate t h e  adequacy 
of t h e  t e s t  system and t h e  b a s i c  
s t e r i l i z a t i o n  cyc le .  Such t e s t i n g  
was t o  inc lude ,  bu t  n o t  n e c e s s a r i l y  
be l i m i t e d  t o ,  t h e  accumulation and 
recording of s u r v i v a l - k i l l  data t o  
e s t a b l i s h  t h a t  t h e  test system 
i n d i c a t e s  s t e r i l i z a t i o n  e f f i c i e n c y  
of t h e  s p e c i f i e d  dry  hea t  s t e r i l i z a t i o n  
cyc le .  
. 
. 
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The o b j e c t i v e s  were t o  be  accomplished i n  accordance w i t h  t h e  
fol lowing c o n s t r a i n t s  and requirements:  
1. (b) (1) The dry hea t  s t e r i l i z a t i o n  
cyc le  s h a l l  be considered as 
one continuous per iod  o f  
twenty-four hours du ra t ion  
at a temperature  o f  135 C i n  
an atmosphere o f  d ry  n i t rogen .  
Cycle t iming s h a l l  commence 
when a l l  exposed m a t e r i a l s  
have been e q u i l i b r a t e d  a t  t h e  
s p e c i f i e d  temperature .  
The prepared system of organism 
and carrier s h a l l :  
1. (b) (2) 
1. (b) (2) (i) 
Based on t h e  stated cyc le ,  
show organism survival-  f o r  
e ighteen  t o  twenty hours and 
no s u r v i v a l  a f t e r  approximately 
twenty-three' hours. 
I. (b) (2) (ii) 
Provide s t a b i l i t y  t o  t h e  e x t e n t  
t h a t  t h e r e  s h a l l  be no demonstrable 
decrease i n  hea t  r e s i s t a n c e  f o r  
a minimum s h e l f  s t o r a g e  per iod 
of t h i r t y  days a t  a temperature of 
70-80 F. 
1. (b) (2) (iii) 
Provide s i m p l i c i t y  of ope ra t ion  
and func t ion ,  convenience of 
usage and performance and be 
'. .. 
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s u f f i c i e n t l y  s m a l l  i n  phys i ca l  
s i z e  t o  allow f r e e  and easy 
placement and r e t r i e v a l  from 
congested i n t e r n a l  a r e a s  of 
assembled e l e c t r o n i c  and 
mechanical gea r .  
1, (b) (2) ( iv)  
By composition, be  capable  of 
v a r i a t i o n  t o  meet dry  hea t  
s t e r i l i z a t i o n  s p e c i f i c a t i o n s  
of o t h e r  t ime/temperature 
r e l a t i o n s h i p s .  This  c o n s t r a i n i n g  
cond i t ion  i s  ve ry  d e s i r a b l e ,  
bu t  is  no t  a mandatory r equ i r e -  
ment and i s  secondary t o  t h e  
o t h e r  s ta ted  c o n s t r a i n t s .  
1. (b) (2) (VI 
B e  contained i n  a sea led  system 
having an atmosphere of d ry  
n i t rogen  a t  a p r e s s u r e  s l i g h t l y  
. g r e a t e r  than  ambient. 
1. (b) (3) The tes t  organism s h a l l  be: 
- 
1. (b) (3) (0 
Non-pathogenic. 
1 . (b) (3) (ii) 
Cultured i n  a simple manner 
from t h e  carrier us ing  r e a d i l y  
available m e d i a .  
1. (b) (3) (iii) 
. Eas i ly  d i s c e r n a b l e  as t o  growth. 
'. .. 
t 
I 
1. 
i 
I 
1 
i 
0 
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1. (b) (3) (iv) 
O f  such’form and type t o  allow 
summary i d e n t i f i c a t i o n ,  having 
some c h a r a c t e r i s t i c  t h a t  can 
be  e a s i l y  recognized. Th i s  
c o n s t r a i n i n g  condi t ion  i s  ve ry  
d e s i r a b l e ,  however i t  i s  not  
a mandatory requirement and is  
secondary t o *  t h e  o the r  s ta ted 
c o n s t r a i n t s .  
The carrier 
t o  both t h e  
organisms. 
This  r e p o r t  provides  a record and 
s h a l l  be non-toxic 
u s e r  and t h e  t e s t  
summation of t h e  accomplish- 
ments of t h e  r e sea rch  and development program. A l l  d a t a  
necessary  t o  support  t h e  c o n t r a c t  requirements, t h e  conclusions 
and recommendations are included. 
A l l  phases of t h e  work were coordinated w-tth Mr. Alexander 
S. I r o n s ,  JPL Cognizant Engineer. 
formerly a c t i n g  superv isor  of t h e  S t e r i l i z a t i o n  Group, JPL, 
also p a r t i c i p a t e d  i n  t e c h n i c a l  d i scuss ions  a t  t h e  Castle 
Company. 
M r .  Vlctor  J. Magistrale, 
The p r i n c i p a l  i nd iv idua l s  a s soc ia t ed  w i t h  t h i s  r e sea rch  a t  t h e  
‘. . 
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Castle Company were: D r .  Norman S, Davis, P r o j e c t  Supervisor ,  
James A .  Rowe and Larry E. Neal, Microbio logis t s ,  and Richard 
R. Landwehrle, Technician,  
c 
I 
\ 
r 
I 
-- 
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1 (a) (1) (i) ISOLATION OF AN ORGANISM RESISTANT TO DRY HEAT 
Spores of s e v e r a l  Bac i l l u s  spec ie s  known t o  be r e s i s t a n t  t o  
d ry  hea t  were s e l e c t e d  as p o t e n t i a l  s t e r i l i t y  i n d i c a t o r  
organisms. 
satisfied t h e  fol lowing c r i t e r i a :  . 
The p r i n c i p a l  t e s t  organism, B. s u b t i l i s  WC18, - 
Notable d ry  hea t  r e s i s t a n c e  reproducib le  
w i t h  d i f f e r e n t  spore crops.  
Non-pathogenic. 
Readily grown on a v a i l a b l e  media. 
Massive spo ru la t ion  without  concurren t  
spo re  germination. 
Au to lys i s  of sporangia  and low inc idence  
of r e s i d u a l  vege ta t ive  ce l l s  so  as t o  
provide f ree  s p o r e s .  
Spores r e a d i l y  washed free of c e l l  
fragments, r e s i d u a l  v e g e t a t i v e  ce l l s ,  
c u l t u r e  medium n u t r i e n t s  and metabol ic  
products .  
Spores main ta in  t h e  non-germinated s ta te  
a f t e r  washing and dry ing  a s  ind ica t ed  by 
r e f r a c t i l i t y  when examined by phase 
c o n t r a s t  microscopy and non-s ta in ing  by 
c r y s t a l  v i o l e t  demonstrated w i t h  b r i g h t  
f i e l d  microscopy. 
Spore v i a b i l i t y  maintained i n  t h e  d ry  
9 )  
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state  as indica ted  by agreement w i t h  
i n i t i a l  assay va lues  a f t e r  a t  l e a s t  a 
t h i r t y  day s to rage  period a t  70-80 F. 
Spore hea t  r e s i s t a n c e  maintained i n  t h e  
d r y  s t a t e  a s  ind ica ted  by agreement w i t h  
i n i t i a l  assay  va lues  a f t e r  a t  least  a 
t h i r t y  day s to rage  pe r iog  a t  70-80 F. 
D r i e d  spores  germinate promptly, 
p r e f e r a b l y  without hea t  a c t i v a t i o n ,  and 
vegetative cells p r o l i f e r a t e  on a v a i l a b l e  
c u l t u r e  media.  
The organism produces a c h a r a c t e r i s t i c  
color, growth appearance, o r  s i g n i f i c a n t  
change i n  the c u l t u r e  medium. 
No t o x i c i t y  o r  i n h i b i t i o n  of outgrowth 
observed when about 10 unheated spores  
were inocula ted  i n t o g e c o y 6 r y  c u l t u r e  
medium conta in ing  10 - 10 d ry  hea t -  
k i l l e d  spores .  
The c u l t u r e s  selected f o r  t hese  s t u d i e s  were: 
1) B a c i l l u s  
' 2) B a c i l l u s  
3) B a c i l l u s  
4 )  B a c i l l u s  
s t r a i n  
coagulans ATCC 8038 
coa,gulans WH-9 . .  
s u b t i l i s  WC18 
s u b t i l i s  var n i g e r  F o r t  Det r ick  
Spores of t h e s e  organisms were obtained on a) y e a s t  e x t r a c t -  
V-8 j u i c e  agar, b) t ona to  j u i c e  b r o t h  wi th  2 percent  agar  
and c) TAM s p o r u l a t i o n  agar .  M e d i a  (b) and (c) are commercial 
items. The spores  were washed w i t h  s t e r i l e  d i s t i l l e d  water, 
c leansed by s e p a r a t i n g  spore and d e b r i s  l a y e r s  i n  c e n t r i f u g e  
cups,  and assayed from d i s t i l l e d  water suspension on t r y p t i c a s e  
soy agar. 
Spores were a i r  d r i e d  on 0.25 x 1.0 inch  Whatman N o .  3 MM 
chromatography paper s t r i p s  t o  provide lo5 - 10 7 spores  pe r  
s t r i p  i n  r e p e t i t i v e  s t u d i e s  w i t h  s e v e r a l  spo re  crops.  Each 
l o t  of  spore  s t r i p s  was assayed t o  e s t a b l i s h  t h e  average 
number of spores  pe r  s t r i p .  The range of spo re  numbers on 
s t r i p s  i n  each l o t  w a s  w i th in  normal v a r i a t i o n  and d i d  not  
s i g n i f i c a n t l y  in f luence  i n t e r p r e t a t i o n  of t h e  hea t  r e s i s t a n c e  
tests. Spore s t r i p s  were assayed by blending t h e  s t r i p s  i n  
s t e r i l e  d i s t i l l e d  water and p l a t i n g  a p p r o p r i a t e  d i l u t i o n s  on 
t ryp tone  glucose y e a s t  e x t r a c t  agar .  
F o r  h e a t  r e s i s t a n c e  s t u d i e s ,  spore  s t r i p s  yere  placed i n  
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l oose ly  capped 16  x 150 mm glass tubes which were i n s e r t e d  
i n  aluminum block h e a t e r s  maintained a t  135 C. Tubes were 
withdrawn a t  i n t e r v a l s  and t h e  s t r i p s  placed i n  i n d i v i d u a l  
t r y p t i c a s e  soy b r o t h  tubes.  
fo r  2 days. 
a t  135 C was obtained by comparing'the number of c u l t u r e s  
showing c h a r a c t e r i s t i c  growth o f  t h e  t e s t  s t r a i n  wi th  t h e  
t o t a l  number of c u l t u r e s  prepared from s t r i p s  exposed f o r  
t h e  same time i n t e r v a l  a t  135 C. 
s u r v i v a l  technique was a convenient way t o  compare t h e  
resistance of d i f f e r e n t  s t r a i n s ,  and was adopted f o r  t h e  
Cul tures  were incubated a t  37 C 
The incidence of  s u r v i v a l  w i t h  r e spec t  t o  t i m e  
Th i s  so-ca l led  p a r t i a l  
e v a l u a t i o n  of s t e r i l i t y  i n d i c a t o r  performance. 
Some t y p i c a l  thermal r e s i s t a n c e  d a t a  i s  presented i n  Table  1. 
S i m i l a r  s u r v i v a l  p a t t e r n s  were observed i n  o t h e r  t r ia ls  w i t h  
t h e s e  organisms. B a c i l l u s  subtilis-WC18 
primary hea t  r e s i s t a n t  s t r a i n  dur ing  t h e  
program and c o n s i s t e n t l y  proved t o  he of 
was s e l e c t e d  as t h e  
e a r l y  months of t h e  
high r e s i s t a n c e  
whenever high q u a l i t y ,  ungerminated spores  were tes ted .  
. 
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This  s t r a i n  was i s o l a t e d  f rom.so i1  a t  t h e  Cas t l e  Research 
Labora tor ies .  A cul t .ure  has been s e n t  t o  JPL.  The 
morphological and biochemical c h a r a c t e r i s t i c s  of t h e  
organism descr ibed i n  Table 2 were determined by methods 
recommended i n  Aerobic Sporeforming B a c t e r i a ,  Smith, Gordon 
and Clark,  1952, Agr i cu l tu re  Monograph No. 16,  U.S. 
Department of Agr i cu l tu re ,  and  i n  Bergey's Manual-of 
Determinative Bacter iology,  Seventh Ed i t ion ,  1957, The 
Williams and Wilkins Co., Baltimore. 
Methods f o r  s p o r u l a t i n g  B.  s u b t i l i s  WC18 and t h e  procedures 
used t o  o b t a i n  c l ean  ungerminated spore  powder are descr ibed 
-
i n  t h e  Appendix. 
f e a t u r e  important i n  e s t a b l i s h i n g  t h a t  a c u l t u r e  was "pos i t ive"  
The c h a r a c t e r i s t i c  s u r f a c e  growth was a 
s i n c e  large numbers of  spores cause immediate t u r b i d i t y  i n  
c u l t u r e  media and might mask p r o l i f e r a t i o n  of a less 
hydrophobic organism. 
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t TABLE 2 -I 
MORPHOLOGICAL AND BIOCHEMICAL CHAPACTERIST ICs 
OF BACILLUS SUBTILIS WC18 
Vegeta t ive  rods- 
Sporangia- 
Spores- 
Colonies- 
N u t r i e n t  aga r  
s l a n t s -  
Nu t r i en t  broth-  
Sodium c h l o r i d e  
b ro th -  -
U t i l i z a t i o n  of  
c i t ra te - .  
-
Hydro1ysi.s - of 
s t a r c h -  
Product ion  of 
ace t y  h e  th y r  
c a r b i n o  1 - 
Fermentat ion 
tes t s -  -
0 . 8 ~  by 2.0 t o  3 . 0 ~ ;  not  i n  cha ins ;  ends 
rounded; uniformly s t a i n e d ;  no capsules ;  
mo t i l e ;  Gram-positive. 
Very l i t t l e ,  i f  any; swe l l ing  by spores .  
0 . 8 ~  by 1 . 2  p; oval ;  c e n t r a l ;  thin-wal led;  
many i n  48 hours. 
Rough; opaque; spreading;  of fwhi te .  
- 
Growth abundant; ech inu la t e ;  opaque 
Clear  w i t h  heavy, wrinkled,  waxy, tough 
o f fwh i t e  p e l l i c l e ,  
Growth a t  7 and 1 0 ' p e r  c e n t  NaCl i n  t r y p t i c a s e  
soy b ro th .  
p o s i t i v e  
pos i t  i v e  
po s it  i v e  
A c i d  without gas from glucose  
Hydrolysis  - of 
I pelat in -  
Hydrolysis  - of 
case in-  
Reduction of 
n i t r a t e  - to- 
n i t r a t e -  
-13- 
TABLE - 2 (CONTINUED) 
P o s i t i v e ;  w i d e  zone of hydro lys is  
Pos i t i ve ;  wide zone of hydro lys is  
8 
P o s i t i v e  
Anaerobic 
product ion  of a- as from n i E a t e -  Negative - 
Anaerobic prowth - in glucose broth-  
Anaerobic growth 
on n u t r i e n t  agar 
s l a n t s -  - Negative 
Temperature f o r  
growth- Good growth a t  23,  37, 55  C ;  no growth a t  
S l i g h t  growth; pH a t  5 .4  a t  14 day's 
-
-
60 C. 
-14- 
1. (a) (1) (ii) DETERMINE A PROPER C A P a I E R  
i 
The t e r m  s u b s t r a t e  r ep resen t s  t h a t  component of t h e  s t e r i l i t y  
i n d i c a t o r  upon which o r  w i th in  which t h e  tes t  organisms have 
been placed. The c a r r i e r  i s  t h e  con ta ine r  w i t h i n  which t h e  
s u b s t r a t e  i s  s e a l e d ,  
and carrier t h a t  comprises t h e  s t e r i l i t y  i n d i c a t o r  i nc ludes  
any f l e x i b l e  f i l m  outerwrap, i n s u l a t i o n ,  gaseous atmosphere, 
thermocouples, o r  o t h e r  items t h a t  are p a r t  of t h e  device.  
The prepared system of organism(subs t ra te )  
The carrier des ign  required:  
1) Simpl i c i ty  of opera t ion .  
2) Convenience of  usage and performance. 
3) S i z e  s u f f i c i e n t l y  small t o  a l low f r e e  
and easy placement and r e t r i e v a l  from 
- - conges t ed  i n t e r n a l  areas of assembled 
e l e c t r o n i c  and mechanical gear. 
S t a b i l i t y  t o  t h e  dry  hea t  t imej temperature  
s p e c i f i c a t i o n .  
4 )  
5 )  
6 )  
7) 
Retent ion  of a dry n i t rogen  atmosphere. 
Ready sepa ra t ion  from t h e  t e s t  organism. 
S e l e c t i o n  of m a t e r i a l s  t h a t  are non-toxic 
to t h e  u s e r  and t h e  t e s t  organism. 
. \  
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Mate r i a l s .  A survey of p l a s t i c s ,  i n s u l a t i n g  m a t e r i a l s ,  
s i l i c o n e s  and ceramics was completed. 
p r o p e r t i e s  necessary f o r  proper f a b r i c a t i o n ,  handl ing,  and 
Those types having 
s t a b i l i t y  of t h e  i n d i c a t o r  dur ing  s t o r a g e  and du r ing  thermal 
exposure were procured f o r  l abora to ry  eva lua t ion .  Severa l  
materials were determined t o  be u s e f u l  f o r  d i f f e r e n t  concepts 
of t h e  c a r r i e r .  The m a t e r i a l s  which appeared  t o  be most 
promising a r e  descr ibed i n  Table 3 .  O t h e r  thermostable  
m a t e r i a l s  such a s  t h e  u l t r a h i g h  temperature polyimides 
a v a i l a b l e  as f i l m s ,  s h e e t s  , and molding m a t e r i a l s  and marketed 
as Nomex (shee t )  o r  H-film by DuPont, and Kynar (polyvinyl idene 
- 
m 
f l u o r i d e ) ,  a Pennsa l t  Chemicals Corporation product ,  were 
n o t  evaluated because o f  s e a l i n g  and f l e x i n g  problems. 
Samples of Lexan polycarbonate r e s i n  f i lms  (General E l e c t r i c )  
were received but were not  evaluated because of t h e  hea t  
d i s t o r t i o n  p o i n t  near  130 C and perrneabi l i ty  t o  gases .  
Mylar po lyes t e r  f i l m  (DuPont) could not  b e  hea t  sea led  and 
was no t  evaluated i n  the c l e a r  f i l m  s ta te .  On t h e  o t h e r  h.and, 
aluminized Mylar i s  an e x c e l l e n t  thermal r a d i a t i o n  b a r r i e r  by 
- 16- 
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v i r t u e  of i t s  high r e f l e c t i v i t y .  Layers of meta l l ized  p l a s t i c  
films are e x c e l l e n t  i n s u l a t o r s  when space r s  are provided 
between l a y e r s  t o  prevent  o r  l i m i t  conduction. A wrinkl ing  
technique y i e l d s  an  embossed f i l m  which can be used without  
space r s  and provide a system hav in i  more s u i t a b l e  thermal 
p r o p e r t i e s  and lower weight than  Rrobably any o t h e r  i n s u l a t i o n .  
Samples of t h i s  m a t e r i a l  were obtained from a conve r t e r  
(Hastings and Co.) and evaluated i n  combination wi th  t h e  
Tef lon  carrier model. 
Kodar  p o l y e s t e r  f i l m  (Eastman Chemical Products) possessed 
e x c e l l e n t  thermal c h a r a c t e r i s t i c s ,  bu t  w a s  considered too  
permeable t o  gases  f o r  t h i s  a p p l i c a t i o n .  
Carrier development proceeded from r a t h e r  simple systems t o  
we l l - in su la t ed  devices  intended t o  de lay  s u b s t r a t e  a r r i v a l  
at 135 C. The l a t t e r  approach was necessary because of 
d i f f i c u l t i e s  encountered i n  demonstrating organism s u r v i v a l  
for e igh teen  t o  twenty hours and no s u r v i v a l  a f t e r  approximately 
twenty- three hours. 
-17- 
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Uni t ized s t e r i l i t y  ind ica tor - . surv iva l  t es t  sys t em.  I f  t h e  
s t e r i l i t y  i n d i c a t o r  and the  c u l t u r e  medium requi red  t o  
demonstrate v i a b i l i t y  were sealed i n  a s i n g l e  package, t h e  
oppor tuni ty  f o r  contamination from e x t e r n a l  sources  would be 
-_.__ -
a t  a minimum, and confidence i n  I 'phit ive' '  c u l t u r e s  would be 
high.  This  approach k s  discarded i n  favor  of s e p a r a t e  
s t e r i l i t y  i n d i c a t o r  and recovery systems because of t h e  
prolonged r e sea rch  e f f o r t  and l e a s t  l ike l ihood of success .  
F l e x i b l e  II_ f i l m  packe t s .  S t r i p ,  d i s c  and tablet  s u b s t r a t e  
conf igu ra t ions  were sealed i n  va r ious  films t o  eva lua te  t h i s  
type  of system. 
made, they  exh ib i t ed  t h e  fol lowing l i m i t a t i o n s ,  and were 
Although 0.5-1.0 inch  packets were r e a d i l y  
e v e n t u a l l y  excluded from cons idera t ion .  
1) Provided no thermal p r o t e c t i o n  f o r  t h e  
s u b s t r a t e .  
2) Provided poor mechanical' p r o t e c t i o n  f o r  
t h e  s u b s t r a t e .  
3) Gas expansion during thermal exposure 
tended t o  cause t h e  packet t o  bulge,  
compromising the gas atmosphere. 
- 
' 
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Required cons iderable  manual d e x t e r i t y  
t o  cut open and t r a n s f e r  s u b s t r a t e  t o  
c u l t u r e  medium i n  a f l e x i b l e  f i l m  
i s o l a t o r  f i t t e d  w i t h  rubber g loves .  
P inhole- f ree  f i l m s  could not  be assured .  - 
Film t h i ckness  i n  t e s t  packets  depended 
on t h e  p r o p e r t i e s  of t he  material. The 
same f i l m  th ickness  could no t  be t e s t e d  
for  a l l  materials because of f i l m  s e a l i n g  
requirements and f l e x i b i l i t y .  
P o t e n t i a l  t o x i c i t y  of p l a s t i c i z e r s  and 
v o l a t i l e  decomposition products  trapped 
w i t h i n  t h e  packet during s e a l i n g  could 
not  be eva lua ted .  
' 
Sealed rigid tubing.  
t h e  ends were an  advance over t h e  f i l m  packet  concept.  
Mechanical p r o t e c t i o n  was provided t h e  s u b s t r a t e  by t h e  
i n f l e x i b l e  tube wall. 
Sec t ions  of p l a s t i c  tub ing  sealed a t  
The Penntube (Pennsylvania Fluorocarbon 
Company) series of thermoplas t ics  was we l l - su i t ed  f o r  t h i s  
a p p l i c a t i o n .  
e a s i l y  maintained. 
s u b s t r a t e  s i z e .  
Dimensional c o n t r o l  over  t h e  carr ier  w a s  
Min ia tu r i za t ion  was l i m i t e d  only by 
F la t t ened  ends formed i n  b a r  sealing favored 
unsupported placement i n  t h e  thermal  t es t  oven as w e l l  as i n  
t h e  proposed a p p l i c a t i o n  f o r  t h e  device.  Thermocouple wires  
-21- 
could be sealed through one end of t h e  tube,  maintaining t h e  
p o s i t i o n  of t h e  thermocouple j u n c t i o n  without  compromising 
~ t h e  hermetic seal .  The p r i n c i p a l  l i m i t a t i o n  of t h i s  device 
was t h e  tendency of t h e  tubing t o  “pinch” when an end was 
cut off t o  remove t h e  s u b s t r a t e .  It was d i f f i c u l t  t o  
manipulate these small carriers i n . a  f l e x i b l e  f i l m  i s o l a t o r  
w i t h  rubber gloves.  
i n c i d e n t a l  a t t e n t i o n  when the  s i l i c o n e  rubber gasketed Teflon 
carrier w a s  adopted as t h e  primary carrier model f o r  thermal 
Sealed tubing carriers received only  
s t u d i e s  w i t h  t h e  t a b l e t  s u b s t r a t e .  
Rigid c a r r i e r  models. 
T o r r  S e a l  (Varian Assoc ia tes )  served as t h e  c a r r i e r  i n  some 
A 10 x 40 mm glass v i a l  s ea l ed  w i t h  
e a r l y  experiments.  
not appear t o  k i l l  spores  contained i n  t h e  v i a l  dur ing  r e s i n  
c u r i n g  a t  room temperature and d i d  no t  enhance l e t h a l i t y  a t  
This  low vapor p re s su re  epoxy r e s i n  d5-d 
‘135 C. A l l  s i l i c o n e  s e a l a n t s  t e s t e d ,  i nc lud ing  a m e d i c a l  
grade product ,  produced tox ic  v o l a t l l e s  dur ing  cu r ing .  
E l e c t r i c  u n i t s  f o r  s e a l i n g  g l a s s  ampules do not  appear  t o  be 
! 
- 2 2.- 
a v a i l a b l e .  Gas flame s e a l e r s  could not  be used s i n c e  water 
formed i n  gas  combustion would prevent  assembly of t h e  
i n d i c a t o r  under dry  condi t ions .  The g l a s s  v i a l  system was 
,time-consuming t o  prepare.  V i a l  i n d i c a t o r s  occas iona l ly  
b u r s t  under t e s t  a t  135 C. 
r e s i n  probably induced f r a c t u r e  i n  t h e  g l a s s .  
Thermal expansion of t h e  cured 
Tef lon  rod and tubing were used i n  s e v e r a l  core-s leeve models. 
The b a s i c  designs cons is ted  of a) a Teflon rod w i t h  a hole  
d r i l l e d  t r a n s v e r s e l y  through t h e  rod o r  b) a depress ion  
obta ined  by d r i l l i n g  p a r t i a l l y  through t h e  rod. 
i n  d i s c  o r  t a b l e t  form was contained i n  t h e  space.  
f i t t i n g  Tef lon  s l eeve  maintained t h e  p o s i t i o n  of t h e  s u b s t r a t e  
and provided p r o t e c t i o n  a g a i n s t  p o s s i b l e  mechanical damage. 
The s u b s t r a t e  .' The c l o s e l y -  
l 
T h i s  device provided s i m p l i c i t y  of  usage s i n c e  i t  permit ted 
r a p i d  t r a n s f e r  of s u b s t r a t e  t o  t h e  microbia l  c u l t u r e  system. 
A simple e j e c t i n g  t o o l  would force t h e  rod  out  of t h e  s l e e v e  
. .  
t h e  proper  d i s t a n c e  t o  permit t h e  s u b s t r a t e  t o  drop i n t o  t h e  
c u l t u r e  medium wi thout  in te rmedia te  handling. 
i n d i c a t o r  system would be he rme t i ca l ly  sealed by coa t ing  t h e  
This  s t e r i l i t y  
-23- 
dev ice  w i t h  a l i q u i d  nylon p repa ra t ion  (Nycote 7-11) o r  by 
s e a l i n g  i t  w i t h i n  a s u i t a b l e  f l e x i b l e  f i l m .  
------ 
The p r i n c i p a l  disadvantage of t h e  in j ec to r - type  i n d i c a t o r  
w a s  t h e  high p o t e n t i a l  reject  r a t e ' f o r  a device lacking a 
backup gas r e t e n t i o n  system i n  t he -even t  t he  hermetic seal  
f a i l e d .  
reduce t h e  r e l i a b i l i t y  of t h e  s u b s t r a t e  t o  a rather low 
Undetected e n t r y  and absorp t ion  of moisture  would 
order. These s t e r i l i t y  i n d i c a t o r s  were sealed under s l i g h t  
p o s i t i v e  p re s su re  and resisted f i n g e r  pressure  compression. . 
C e r t a i n  f i l m s ,  however, a r e  known t o  absorb gases such a s  
carbon d ioxide  from t h e  atmosphere. Packets prepared from 
such  films w i l l  bu i ld  up an i n t e r n a l  pressure  s u f f i c i e n t  t o  
cause  t h e  i n i t i a l l y  f l a t  packets t o  d i s t end .  
A modif ica t ion  of t h e  i n j e c t o r  type i n d i c a t o r  provided a 
p o s i t i v e  seal  a t  t h e  ends of t h e  device .  
was made longer  than t h e  s leeve  and t h e  ends were threaded 
to fi t  Bartite Sea l -Fas t  t ens ion  nu t s  ( L,J.Barwood 
The rod component 
Manufacturing C o . ,  I n c . ) .  These t ens ion  na ts  have a thermo- 
-24- 
s t a b l e  polymeric s e a l a n t .  The nu t s  were ob ta inab le  only  i n  
metal and requi red  heavy-wall Teflon tub ing  i n  t h e  s l e e v e  
component of t h e  i n d i c a t o r .  The manner i n  which t h e s e  u n i t s  
were sealed i s  ind ica t ed  schemat ica l ly  i n  F igure  1. 
i n  this i n s t a n c e  was shown threaded over  i t s  e n t i r e  l e n g t h  
The rod 
and t h e  s l e e v e  wall th ickness  i s  exaggerated.  
THE TENSION NUT-TEFLON CARRIER SYSTEM 
FIGURE 1 
-25- 
The p r i n c i p a l  carrier model cons i s t ed  of a Teflon hollow rod 
and threaded cap con ta ine r  (Figure 2) .  The c e n t r a l  c a v i t y  
held t h e  t a b l e t - t y p e  s u b s t r a t e  sandwiched between s i l i c o n e  
foam rubber pads. These pads immobilized t h e  t a b l e t  and 
prevented t a b l e t  abras ion .  A s i l i c o n e  rubber  gasket under 
t h e  cap head provided t h e  primary hermetic  seal .  The o v e r a l l  
dimensions of t h i s  c y l i n d r i c a l  carrier (9/16 x 1 1/64 inch  
or 1 .4  x 2.6 cm) were considered s u i t a b l e  for t h e  intended 
a p p l i c a t i o n .  
hand. The con ta ine r  ends a r e  s l o t t e d  s o  t h a t  a t h i n  metal 
The con ta ine r  i s  e a s i l y  sea l ed  o r  opened by 
bar may be used t o " a i d  manipulations w i t h  g loves ,  
The s t e r i l i t y  i n d i c a t o r  was e a s i l y  assembled i n  a f l e x i b l e  
f i l m  i s o l a t o r  maintained under s l i g h t  p o s i t i v e  p re s su re  of  
n i t r o g e n ,  A second hermetic seal  was provided by a 2 - m i l -  
Aclar f i l m  outerwrap. .Most of t h e  tes ts  were run wi th  t h e  
Te f lon  conta iner - tab le t -Aclar  f i l m  model .  This  i n d i c a t o r  
r equ i r ed  l i t t l e  manipulation t o  recover  t h e  spore  t a b l e t  f o r  
assessment of v i a b i l i t y .  Films were u s u a l l y  sea l ed  wi th  a 
Weldotron model 8HT thermal impulse sealer.  
-_ . . . - .  
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1. (a) (1) (iii) DETERMINE THE ORGANISM'S SPECIFIC RESISTANCE, 
BOTH WITH AND TJITHOUT THE CARRIER 
The number of spores  necessary f o r  an  e f f e c t i v e  i n d i c a t o r  could 
not  be estimated from e x i s t i n g  data.  The thermal r e s i s t a n c e  
of spo res  on su r faces  and on paper s t r i p s  could not  be 
ex t r apo la t ed  t o  s i t u a t i o n s  i n  which spores  are not  f r e e l y  
exposed t o  t h e  hea t  t r a n s f e r  medium. Microorganisms appear t o  
su rv ive  thermal exposures f o r  longer  pe r iods  when they are 
embedded i n  m a t e r i a l s .  One p r o t e c t i v e  s u b s t r a t e  s y s t e m  
considered of  a t a b l e t  of i n e r t  or n u t r i e n t  material conta in ing  
an i n e r t  d i s c  holding dr ied  spo res ,  
Thermal dea th  s t u d i e s  a t  135 C were c a r r i e d  ou t  w i th  B. s u b t i l i s  
WCl8 spores  on paper s t r i p s  and w i t h  cleaned spores  compressed 
-
i n t o  t a b l e t s .  S p e c i f i c  r e s i s t a n c e  data obtained i n  r e p e t i t i v e  
experiments w i t h  spores  on paper s t r i p s  w e r e  i n  agreement f o r  
s t r i p s  prepared from t h e  same and d i f f e r e n t  spore  lo t s .  These 
spo re  suspensions cons is ted  almost e n t i r e l y  of h igh ly  r e f r a c t i l e  
s p o r e s  when examined by phase c o n t r a s t  microscopy. The h e a t  
exposure and c u l t u r e  methods were t h e  same as i n  s e c t i o n  l . ( a )  
(1) (i) of t h i s  r e p o r t .  
gave D and  F va lues  of 0.70 and 5.94 h r  r e s p e c t i v e l y .  
6 Spore s t r i p s  holding 5 x 10 spores  
'.. 
I 
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The c o n s t r a i n t s  on s t e r i l i t y  i n d i c a t o r  performance suggested 
t h a t  a thermal b a r r i e r  system. and an e a s i l y  manipulated 
s u b s t r a t e  were primary o b j e c t i v e s  i n  s u b s t r a t e  des ign .  Seve ra l  
types of t a b l e t s  were considered t o  r ep resen t  t h e  most f e a s i b l e  
form f o r  t h e  s u b s t r a t e .  Tab le t s  were prepared with:  
1) Spores d r i e d  on i n e r t  d iscs  which were 
sealed w i t h i n  t a b l e t s .  
2) 
3) 
Spores mixed wi th  va r ious  binders, 
Spore powder as t h e  only component, 
T a b l e t  s u b s t r a t e  a t t r i b u t e s .  
was s tud ied  from t h e  s t andpo in t s  of: 
Tablet  des ign  and composition 
3) 
4 )  
5 )  
S e l e c t i o n  of thermostable  compressible 
binder  materials. 
Appearance, w e t t a b i l i t y ,  s o l u b i l i t y  
and d i s p e r s i b i l i t y  of  unheated and 
heated (105, 135, and 160 C) materials 
be fo re  and a f t e r  compression. 
Resistance of t a b l e t  t o  powdering and 
chipping.  
Reten t ion  of s t r u c t u r a l  i n t e g r i t y  and 
appearance after hea t ing  t h e  t a b l e t  
fo r  24 hours a t  135 C. 
Absence of t o x i c i t y  t o  spores i n  t h e  
dry s t a t e  and i n  c u l t u r e  media when 
tes ted unheated and a f t e r  hea t ing  a t  
135 C f o r  24 hours. 
- .  
-29- . 
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Tab le t  production. D r i e d  materials were formed i n t o  t a b l e t s  
i n  a f l e x i b l e  f i l m  i s o l a t o r  having a d ry  n i t rogen  atmosphere. 
T a b l e t s  were f a b r i c a t e d  wi th  a Stokes Model E,  1 /4  inch 
s tandard  concavi ty  t a b l e t  d i e ,  and w i t h  3/16 and 1/4 inch  d i e s  
which were designed t o  permit 1/8 inch  discs t o  be placed i n  
t h e  geometric c e n t e r  of t h e  t a b l e c .  
b 
Table ts  prepared from 
b o t h  l / 4  inch  d i e s  were crowned f o r  maximum s t r e n g t h .  
ho ld ing  s u i t a b l e  q u a n t i t i e s  of  m a t e r i a l  were placed i n  an 
Dies 
FC 1646 d r i l l  jig (N.A.Woodworth Co., .Detroit) .  A Craftsman 
(Sears) model 4464 torque  wrench was used t o  apply 10-50 tons  
per square  inch  f i n a l  pressure  f o r  5-10 seconds t o  form t h e  
tablets.  This opera t ion  d i d  not  produce d i f f e r e n c e s  i n  assay  
data between weighed spore powder and spores  i n  t a b l e t s .  
S a t i s f a c t o r y  t a b l e t s  composed e n t i r e l y  of spores  were formed 
2 at 30 t o n s / i n  pressure .  
. .  
M a t e r i a l  p r o p e r t i e s .  Many thermostable ma te r i a l s  do not have 
t h e  proper  powder s t r u c t u r e  t o  permit t h e i r  use as t a b l e t  
components. A v a r i e t y  of  sugars ,  s a l t s ,  m i n o  a c i d s  and 
o rgan ic  chemicals were evaluated (Table 4). Most m a t e r i a l s  
were e l imina ted  from f u r t h e r  cons ide ra t ion  if good t a b l e t s  
cou ld  not  be formed a t  pressure  up t o  50 tons per  square inch .  
-30- 
Although high p u r i t y  materials were t e s t e d ,  some substances 
d isco lored  s e v e r e l y  a t  temperatures w e l l  below t h e i r  mel t ing  
or decomposition p o i n t s .  
Mic roc rys t a l l i ne  c e l l u l o s e  (Avicel) (FMC Corp:, American 
Viscose Div.) was t h e  b e s t  t ab le t - forming  agent .  
Avicel is  inso lub le ,  t h i s  proper ty  'was not  s i g n i f i c a n t  when 
Although 
large numbers of spores  were m i x e d  w i t h  Avicel i n  t ab l e t s .  
It w a s  noted previous ly  i n  t h i s  r e p o r t  t h a t  t h e  s u b s t a n t i a l  
number of spores  i n  t h e s e  experiments cause c u l t u r e  media 
to become t u r b i d  when t h e  tab le t s  are d ispersed .  Avicel 
was also u s e f u l  i n  combination w i t h  materials such as sodium 
c h l o r i d e  which d i d  not  make good tablets  without  an a u x i l i a r y  
b inde r -  
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T a b l e t s  c o n t a i n i n g  spores  on d i s c s .  Teflon d i s c s  1/8  i nch  
i n  d i a m e t e r  were punched from 5- and 15 m i l  s h e e t  (Cadi l lac  
P l a s t i c s ) ,  cleaned and s t e r i l i z e d  a t  160 C. D i s t i l l e d  
water suspensions of cleaned B. s u b t i l i s  WC18 spores  were - 
placed on t h e  d i scs  through a 25 ga hypodermic needle  and 
6 a i r - d r i e d .  About 1-4 x 10 spores  were depos i ted  on each 
d i s c  i n  va r ious  experiments. 
from Reeve Angel 934-AH glass f i b e r  paper. Discs were 
S imi l a r  d i s c s  were prepared 
stored over s i l i c a  ge l  u n t i l  they  were embedded i n  t a b l e t s .  
The ra te  of  ternpe-rature rise t o  135 C and _spore s u r v i v a l .  --- -I_--- 
Six-hour temperature r ise.  The rate of temperature  r ise t o  
135 C appears  t o  in f luence  t h e  incidence of p o s i t i v e  c u l t u r e s .  
The phenomenon was demonstrated i n  a n ' e x p l o r a t o r y  experiment 
w i t h  glycine-Avicel  (85: 15) t a b l e t s .  This  mixture  produced 
s a t i s f a c t o r y  t a b l e t s  which d i s i n t e g r a t e d  promptly i n  t h e  
c u l t u r e  medium. Two T e f l o n  d i s c s  each holding 1.78 x 10 6 
- B. s u b t i l i s  WC18 spores  were sealed w i t h  spore  s u r f a c e s  
a d j a c e n t  i n  3/16 i n c h  t a b l e t s  of t h e  glycine-Avicel  mixture.  
An analogous experiment u t i l i z e d  s i n g l e  glass f i b e r  d i s c s  
sealed w i t h i n  Avice l  t a b l e t s .  
-4 1- 
/ 
T a b l e t  formation. A d i e  t h a t  formed a shal low c e n t r a l  
depress ion  i n  a h a l f - t a b l e t  was used t o  p a r t i a l l y  compress 
one-half  t h e  required amount of  powder. The discs were 
t h e n  placed i n  t h e  depression and a d d i t t o n a l  powder was 
added. The t a b l e t  was then completed w i t h  a normal t a b l e t  
d i e .  Tef lon  d isc  t a b l e t s  were completed by applying a 
p r e s s u r e  of 50 tons / in*  f o r  5-6 seconds whi le  glass f i b e r  
2 d i s c s  were sealed i n  Avicel a t  15 t o n s / i n  . 
FxDer imental .  Tablets were sealed i n d i v i d u a l l y  i n  10 x 
40 mm g l a s s  vi-als w i t h  Torr S e a l  epoxy r e s i n .  
was cured f o r  one day i n  t h e  n i t rogen  atmosphere i s o l a t o r  
The r e s i n  
used f o r  a l l  ope ra t ions .  The p repa ra t ions  were removed 
from t h e  i s o l a t o r  and placed i n  an aluminum block h e a t e r  
a t  room temperature.  A vo l t age  c o n t r o l l e r  enabled t h e  
temperature  t o  rise l i n e a r l y  i n  6 hours t o  135 C.  Two 
samples were removed from t h e  h e a t e r  when t h e  temperature 
reached 135 C, and one o r  two samples were r e t r i e v e d  a t  
two-hour i n t e r v a l s  during t h e  next  12 hours. T a b l e t s  were 
t r a n s f e r r e d  immediately t o  preincubated (37 C) t r y p t i c a s e  
soy  b r o t h  tubes  and examined f o r  growth af ter  24 and 48 
hours incubat ion ,  
-42- 
Resu l t s  and d iscuss ion:  
e a s i l y  placed on t h e  small Teflon discs b u t  most of t h e  
spores  accumulated a t  t h e  per iphery  of t h e  evapora t ing  
Drops of spore  suspension were -
- 
drop. The spores  d r i e d  from water tended t o  form a r i n g  
p a t t e r n .  Drying spores  from acetone suspension gave a 
more uniform d i s t r i b u t i o n  over  t h e  d i s c  surface. The 
inc idence  of  recovery a f t e r  thermal exposure was not  
s t u d i e d  w i t h  r e spec t  t o  the d i s t r i b u t i o n  pattern of spores  
on Tef lon  d i s c s .  The p r i n c i p a l  disadvantage of Teflon f o r  
s i x  hours a f t e r  t h e  block reached 135 C h i d  v i a b l e  spores .  
Cu l tu re s  from b r o t h  t a b l e t s  r e t r i e v e d  a t  the s i x t h  hour 
had no evidence of  growth a t  24 hours b u t  were p o s i t i v e  
af ter  an a d d i t i o n a l  day incubat ion.  
of two t a b l e t s  a t  135 C f o r  8 hours was t u r b i d  and had t h e  
The c u l t u r e  from one 
t h i s  a p p l i c a t i o n  is i t s  tendency t o  cold f low a t  room 
temperature a f te r  p l a s t i c  deformation under load.  Tef lon  
disc tablets appeared normal a t  t h e  t i m e  t h e y  were made 
b u t  some s t o r e d  t a b l e t s  were found t o  have s p l i t  a t  t h e  
d i s c  plane.  
A l l  Teflon d i s c  t a b l e t s  removed from t h e  k a t  u n i t  w i t h i n  
c h a r a c t e r i s t i c  p e l l i c l e  on the  second day of incubat ion.  
-4 3 - 
No a d d i t i o n a l  c u l t u r e s  had growth i n  t h r e e  weeks incubat ion.  
. 
The recovery pa t t e rn .ob ta ined  a t  6 and 8 hours  i n  t h i s  
experiment con t r a s t ed  w i t h  t h e  f a i l u r e  of Tef lon  d i s c  t a b l e t s  
from t h e  same l o t  t o  show v i a b i l i t y  a f te r  be ing  placed 
--- . 
d i r e c t l y  a t  135 C for  6 and 8 hours. T h i s  experiment d i d  
not inc lude  d a t a  f o r  t h e  0-4 hour i n t e r v a l .  
Data for  t h e  glass f i b e r  d i s c  tablets were similar t o  t h a t  
obtained f o r  Tef lon  d i s c  tablets  (Table 5) .  Only two of t h e  
I 
I 
f o u r  c u l t u r e s  from tablets a t  135 C f o r  6 hours had growth 
I 
in t h r e e  weeks incubat ion.  
experiments served only t o  determine whether a d i s c - t a b l e t  
substrate  might be s u i t a b l e ,  and t h e r e  w a s  no advantage 
It must be recognized t h a t  t h e s e  
-‘gained by us ing  more t a b l e t s .  The D and F va lues  are not  
wel l -def ined.  
.The r e s u l t s  i n d i c a t e  t h a t  a tablet  con ta in ing  approximately 
one m i l l i o n  sh ie lded  spores i s  s u p e r i o r  t o  a n  exposed spore  
s t r i p  bu t  thermal  barriers would be e s s e n t i a l  t o  upgrade 
surv iva l  t i m e .  
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TABLE 5 -- 
Incidence of p o s i t i v e  c u l t u r e s  a t  24 and 48 h r  incubat ion  a f t e r  6 
h r  temperature r ise t o  135 C and a f t e r  d i r e c t  exposure t o  135 C. 
6 Avicel t a b l e t s  contained 1 .2  x 10 B. s u b t i l i s  WCl8 spores  on g l a s s  - 
f i b e r  discs.  
Hours a t  
135 C 
0 
4 
5 
6 
8 
12 
.* 
Po s i t ive  c u 1- t ui 
6-hL-l -A 135.C . . -  
24 h r  48 h r  - 
F: 7.2 h r  
D: 0.9 h r  
IS / Total incubated 
-.-----.... Directly- &J&-C 
24 hr 
” 
013 
0/3 
- 
48 hr  
- 
----4_  ^
F: 5.8 h r  
. D: 0.8 h r  
* T a b l e t s  
mixture  
. #  
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composed of spores mixed 
was prepared w i t h  dry B. 
- _.I_- 
-
w i t h  a b inder .  A 1 : l O  
s u b t i l i s  var n i g e r  spores  
-- 
and oven-dried Avicel. Table t s  (3/16 i n )  were formed under 
n i t rogen  a t  a p re s su re  of 20 t o n s l i n  2 . The t a b l e t s  were 
maintained for one week i n  a d e s i c c a t o r  under continuous 
evacuat ion  wi th  a vacuum pump. 
dry n i t rogen  and t a b l e t s  were sealed i n  Aclar pouches under 
* 
The vacuum w a s  broken wi th  
5 mrn n i t rogen  pressure .  Tab le t s  assayed about 6 x 10 9 spores ,  
equ iva len t  t o  1 .6  x 10" spores  p e r  g of mixture .  Pouches 
were placed a t  135 C for  8 and 12 hours and t h e  t a b l e t s  
t r a n s f e r r e d  t o  t r y p t i c a s e  soy b r o t h  f o r  incubat ion  a t  32 C.  
None of t h e s e  c u l t u r e s  had growth i n  5 days incubat ion  
(Progress Report No.6). , 
Twenty-four hour temperature r ise .  One-fourth inch  g lyc ine -  
Avicel (85:15) tablets were made w i t h  two Tef lon  d iscs  which 
each  held 3 . 8  x 10 
- -
6 B. s u b t i l i s  WC18 spores .  Tab le t s  were 
c
formed a t  35 tons  pe r  i n  2 . Each t a b l e t  w a s  sealed i n  a 
Teflon c a r r i e r  coated w i t h  Nycote. Spore t a b l e t s  were heated 
a t  a cons tan t  rate so  as t o  reach  135 C i n  24 hours. From 
3-8 samples were removed from t h e  oven a t  appropr i a t e  
i n t e r v a l s  , a f t e r  t h e  oven temperature reached 135 C.  Another 
-46- 
group of sealed t a b l e t s  were placed d i r e c t l y  a t  135 C. 
a T a b l e t s  were cu l tu red  as descr ibed f o r  t h e  s ix-hour  
experiment. 
Resu l t s  and d iscuss ion:  
at t h e  t i m e  t h e  oven reached 135 C showed growth. 
Only one of e i g h t  samples processed 
A l l  o t h e r  
-
samples recovered af ter  2-12 h o u r s ' a t  135 C fol lowing t h e  
24 hour warmup appeared t o  have been s t e r i l i z e d  w i t h  the 
except ion  of a s i n g l e  anomal.ous p o s i t i v e  c u l t u r e  from a 
group of f o u r  s u b j e c t s  a t  135 C f o r  8 hours (Progress  Report 
No.5). Spores were a t  115 C and higher  f o r  4 hours dur ing  
t h e  t r a v e r s e  from room temperature t o  135 C. 
A l l  groups placed d i r e c t l y  a t  135 C for  up t o  4 hours had 
at least  one p o s i t i v e  c u l t u r e .  Two of t h e  seven p repa ra t ions  
which had been a t  135 C f o r  4 hours, f o r  example, had v i a b l e  
spo res .  None o f ' t h e  c u l t u r e s  from t a b l e t s  a t  135 C f o r  4.5 - 
12 hours had growth. 
. _  . _. 
Tablets composed e n t i r e l y  of spores .  
c1 
Res i s t ance  o f  spore  t a b l e t s  and t h e  need f o r  a the rma l  
barrier. 
- ----- 
Experiments w i t h  t a b l e t s  p a r t i a l l y  c o n s t i t u t e d  
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w i t h  spores  demonstrated t h a t  s u b s t a n t i a l  numbers of spores  
and a thermal barr ier  were pr.obably r equ i r ed  f o r  an  i n d i c a t o r  
t o  resist 18-20 hours a t  135 C. Pure spo re  tablets  were 
sealed i n  s e v e r a l  ma te r i a l s  and exposed t o  135 C f o r  10-24 
hours i n  a cha l lenge  experiment aimed a t  determining whether 
t h i s  i n d i c a t o r  conception warranted f u r t h e r  development. 
\ 
- B .  s u b t i l i s  WClS spore  powder (see Appendix) was formed i n t o  
tablets  a t  a p r e s s u r e  of 30 - tons / in2 .  
were of e x c e l l e n t  q u a l i t y .  Spore Lot 1 was used t o  form 
3/16 i nch  t a b l e t s  while  1/4 inch  t a b l e t s  were made from Spore 
Lot 2. Lot 1 assayed 3.28 x 10 spores  p e r  g wh i l e  Lot 2 
assayed 7.36 x 10 spores  pe r  g .  T a b l e t  weights (Progress 
Pure spore  t a b l e t s  
11 
11 
Report No.7) f o r  3/16 inch  t a b l e t s  ranged from 0.0162 - 
0.0381 g, averaging 0.0238 g f o r  53 t a b l e t s .  Tab le t  weights 
_ .  
for twelve 1 / 4  i nch  t a b l e t s  ranged from 0.0263 - 0.0539 g 
and averaged 0.0404 g .  
T a b l e t s  were sealed i n  t he  fol lowing m a t e r i a l s :  
a) 
b) 
2 ml Aclar 22 C. 
Aclar overwrapped wi th  10 l a y e r s  
embossed aluminized one s i d e  1/4 
m i l  Mylar. The alumi.nized s u r f a c e  
was outermost.  The packet was then 
sealed i n  Aclar.  
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c )  A s  i n  b) but  with 30 layers of 
aluminized Mylar. 
d)  Tef Ion rod-tube carriers sealed 
i n  Aclar. 
I T a b l e t s  were incubated i n  t r y p t i c a s e  soy b r o t h  a t  37 C.  
' Cul tu res  were examined d a i l y  f o r  g'rowth dur ing  t h r e e  weeks 
incubat  ion .  
Resu l t s  and d iscuss ion:  
Report No.7) i s  g iven  i n  Table 6. 
spo res  i n  t ab l - e t s  un le s s  a thermal b a r r i e r  w a s  p re sen t .  
A summary of t he  d a t a  (Progress 
Aclar did not  p r o t e c t  
-
Five of the ten s h i e l d e d  tablets which had been i n  t h e  
135 C oven f o r  18 hours gave p o s i t i v e  c u l t u r e s .  The e r r a t i c  
recovery data was due i n  p a r t  t o  t h e  small number of samples 
i n  each  exposure i n t e r v a l .  
Most of t h e  p o s i t i v e  c u l t u r e s  (11 of 16) requi red  6-8 days 
incuba t ion .  
between tablet weight and t h e  incubat ion  day a t  which growth 
There d id  not appear t o  be any r e l a t i o n s h i p  
was detected. Only one c u l t u r e  (3/16 t a b l e t ,  Aclar  only,  
18 h r )  was p o s i t i v e  on the second day, while  a t  t h e  o t h e r  
extreme, one c u l t u r e  (30 layers aluminized Mylar, 18 h r )  
'. .. 
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r equ i r ed  11 days t o  show growth. 
necessary  f o r  t h e s e  c u l t u r e s  i s  c o n s i s t e n t  w i t h  t h e  concept 
The prolonged incubat ion  
t h a t  thermal ly  in ju red  spores cannot p r o l i f e r a t e  u n t i l  
r e p a i r  permits  normal c e l l  growth. 
Ten - and t h i r t y - l a y e r  aluminized.Mylar appeared equiva len t  
i n  m a h t a i n l n g  spore  v i a b i l i t y ,  
surv ived  22 hours a t  135 C bu t  requi red  s ix  days f o r  ou t -  
One Teflon carrier u n i t  
growth. 
and n o n r e f r a c t i l e  under phase c o n t r a s t  microscopy. 
Spores i n  negat ive c u l t u r e s  were almost all swollen 
Only 
- .  one r e f r a c t i l e  spore  might be  found i n  t e n  f i e l d s .  Vegetat ive 
cells were not  seen. 
Dispers ion  and oxygen requirement f o r  growth. B. s u b t i l i s  - - -
WC18 i s  a s t r i c t  aerobe. Although b r o t h  tubes  are s a t i s f a c t o r y  
for r o u t i n e  c u l t i v a t i o n  of t h i s  organism, t h e  a v a i l a b l e  
oxygen i n  c u l t u r e s  prepared w i t h  heated spore  t a b l e t s  may be 
dep le t ed  by t h e  dead  spores .  
minor i ty ,  might no t  encounter s u f f i c i e n t  oxygen. An experiment 
Viable  spo res ,  l i k e l y  i n  t h e  
was devised t o  d e t e r m i n e  whether d i s p e r s i o n  of '  t h e  spores  
and increased  oxygen tens ion  favored an  i n c r e a s e  i n  t h e  
inc idence  of p o s i t i v e  c u l t u r e s  from hea ted  spore t a b l e t s  
(Progress  Report NO. 8). 
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Materials and methods: Freeze d r i e d  B. s u b t i l i s  WC18 spore  - -
powder was formed i n t o  3/16 inch  t a b l e t s  a t  30 t o n s / i n  2 
10 pres su re .  Each t a b l e t  contained about 3 x 10 spores .  
Twelve t a b l e t s  were sealed i n  Aclar packets  under dry  n i t rogen  
and exposed t o  135 C. Four t a b l e t s  were removed from t h e  
oven after lo,’ 14, and 16 hours.  h o  t a b l e t s  from each 
exposure per iod were placed i n  tubes conta in ing  10 m l  s te r i le  
d i s t i l l e d  water. 
min t o  d i s p e r s e  t h e  spores .  Po r t ions  of t h e  suspensions 
were added t o  250 r n l  screw cap f l a s k s  conta in ing  50 ml 
t r y p t i c a s e  soy. b r o t h  and t o  tubes  w i t h  10 ml of t h e  medium. 
Flask c u l t u r e s  were shaken dur ing  incubat ion  a t  32 C wh i l e  
t ube  c u l t u r e s  were undis turbed.  Po r t ions  of two se r i a l  
t e n f o l d  d i l u t i o n s  were a l s o  inocula ted  t o  t r y p t i c a s e  soy 
The tubes were shaken mechanically f o r  10 
agar s l a n t s  and t o  b r o t h  tubes.  The s ix  remaining t a b l e t s  
were placed i n  d iphas i c  c u l t u r e  tubes  c o n s i s t i n g  of t r y p t i c a s e  
soy  agar s l a n t s  w i th  2 rn l  t r y p t i c a s e  soy b ro th .  
R e s u l t s  and d iscuss ion:  Every c u l t u r e  prepared from dispersed  -
s p o r e s  had growth after 1 6  hour incubat ion.  The d iphas i c  
c u l t u r e s ,  on t h e  o t h e r  hand, had growth only i n  t h e  two 
c u l t u r e s  con ta in ing  t a b l e t s  heated f o r  10 h r  a t  135 C. 
-52- . .  
Growth f i r s t  appeared on t h e  f o u r t h  day o f  incubat ion  i n  
both c u l t u r e s .  
t ab le t s  heated f o r  14 and 16 h r .  d i d  n o t  have growth i n  27 
days incubat ion ,  Heated B. s u b t i l i s  IJC18 spo res  appear  t o  
r e q u i r e  d i s p e r s i o n  and more oxygen than  is a v a i l a b l e  i n  
unag i t a t ed  c u l t u r e  medium. 
The d iphas i c  c u l t u r e s  con ta in ing  spore  
- 
Recovery of heated spores  i n  shake f l a s k  c u l t u r e s .  A ser ies  --. 
of experiments supported the  observa t ion  t h a t  t h e  incidence 
of spore  recovery was greater i n  shaken c u l t u r e s  than  i n  
s t a t i c  tube c u l t u r e s .  An experiment w i t h  15. s u b t i l i s  WC18 
Spore Lot 7 (Progress Report No.- 8) demonstrated t h a t  spore  
-
recovery d a t a  i s  q u i t e  dependent on t h e  d i s p e r s i o n - a g i t a t i o n  
requirement 
T a b l e t s  (3/16 i n )  were sea led  i n  t h e  Tef lon  carrier and over- 
wrapped wi th  Aclar  i n  an i s o l a t o r  con ta in ing  a d ry  n i t rogen  
atmosphere. 
after 10, 16, and 1 8  hours. The t a b l e t s  were t r a n s f e r r e d  t o  
I n d i c a t o r s  were removed from t h e  135 C oven 
250 ml screw cap f lasks  conta in ing  50 m l  t r y p t i c a s e  soy b ro th .  
These c u l t u r e s  were shaken a t  37 C .  The s u r v i v a l  r a t i o s  were: 
I 
10 h r ,  8/8; 16 h r ,  2 / 4 ;  18 h r ,  3/4.  A l l  p o s i t i v e  c u l t u r e s  
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were scored w i t h i n  72 hours incubat ion.  It i s  probable t h a t  
t h e  recovery p a t t e r n s  reportred previous ly  for  spores  
recovered i n  b ro th  tubes would have-been improved had a n  
a g i t a t e d  c u l t u r e  system been used. 
Thermal b a r r i e r s .  Ma te r i a l s  which' might s e r v e  as thermal 
b a r r i e r s  were evaluated.  i n  a model hea t  t r a n s f e r  system 
placed i n  an oven a t  135 C o r  i n  t r i a l s  w i t h  s t e r i l i t y  i n d i c a t o r  
u n i t s  conta in ing  t h e  spore s u b s t r a t e .  The experimental  d e t a i l s  
and t h e  data have been discussed i n  va r ious  Progress  Reports 
and w i l l  be descr ibed b r i e f l y .  
Urethane foam - 
open ce l l ,  s o f t  
-
e a s i l y  c u t  i n t o  
Aclar - a l u m i r w m  - f o i l  models. A thcrmostzble ,  _. 
ure thane  foam (Olympic Chemical  Co.) was 
5/8 x 6 inch c y l i n d e r s .  F ine  wire i ron -  
cons t an tan  thermocouples were i n s e r t e d  l o n g i t u d i n a l l y  through 
t h e  c e n t e r s  of t h e  cy l inde r s .  
5 / 8  i nch  from one end.  
i n  30 sec on a poten t iomet r ic  recorder  p l o t  when t h e  c y l i n d e r s  
The thermocouple j u n c t i o n  was 
The j u n c t i o n  temperature  was 101.4 C 
were placed i n  t h e  135 C oven. The temperature  was 134.2 C 
i n  90 sec f o r  t h i s  poor i n s u l a t i n g  material. Cyl inders  were 
also sealed i n  a) 2-mil Aclar  22 C f i l m  ( A l l i e d  Chemical), 
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b) Aclar  surrounded by  a b r i g h t  household aluminum f o i l  
s h i e l d  and c) Aclar covered w i t h  t h e  d u l l  s u r f a c e  of t h e  
aluminum f o i l  outermost.  None of t h e s e  m a t e r i a l s  presented 
any s i g n i f i c a n t  b a r r i e r  t o  hea t  p e n e t r a t i o n .  
were a t  134 C w i t h i n  90 sec. 
A l l  models 
Cooling rates were monitored when t h e  m d e l s  were removed 
from t h e  oven. 
h e a t  l o s s .  The model w i t h  t h e  o u t e r  d u l l  aluminum f o i l  
surface requi red  4-5 minutes t o  reach  room temperatures 
A l l  b a r r i e r s  imposed some r e s t r i c t i o n  on 
(24.8 C). It is  clear t h a t  an i n d i c a t o r  system should be 
cooled r a p i d l y  if r e t r i e v e d  from a tes t  f i x t u r e .  A system 
which inc ludes  c o n t r o l l e d  cool ing  might c o o l  t h e  carrier 
and surrounding thermal b a r r i e r s  bu t  hea t  could be r e t a ined  
in an i n s u l a t e d  s u b s t r a t e .  
i n  t h e  s u b s t r a t e  f o r  some t i m e  a f te r  t h e  i n d i c a t o r  was 
removed from t h e  tes t  chamber un le s s  coo l ing  time was i n t e g r a t e d  
Le tha l  temperature  could e x i s t  
7- i n t o  t h e  t ime-temperature program. 
Rig id  ure thane  foam. Closed c e l l  ure thane  foam is a good 
thermal  b a r r i e r .  A foamed i n  p l ace  urethane (Vultafoam, United 
S t a t e s - P l a s t i c  Corp.) d i d  n o t  c o n s i s t e n t l y  form good r i g i d  
foams. The product d i d  not con ta in  a f i l l e r  and would be b e s t  
used i n  a t h i c k  c ros s - sec t ion  sur ro inding  t h e  Teflon i n d i c a t o r  
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model. It would a l s o  be necessary t o  prepare c y l i n d e r s  
under c o n t r o l l e d  condi t ions  t o  o b t a i n  s e c t i o n s  w i t h  appropr i a t e  
ce l l  dimensions. 
Thermal p r o p e r t i e s  - of Teflon. The hea t  t r a n s f e r  p r o p e r t i e s  
of Tef lon  were used t o  c a l c u l a t e  t h e  ra te  of temperature 
r ise  i n  a phantom model s imula t ing  t h e  Teflon carr ier .  The 
model system was a c y l i n d r i c a l  Teflon rod w i t h  dimensions 
1.4  x 2.4 c m ,  t h e  s i z e  of t h e  Teflon c a r r i e r  (Progress Report 
No. 8 ) .  It was found t h a t  a c y l i n d e r  placed d i r e c t l y  a t  
135 C would b e  a t  131.5 C i n  5 min. and would be a t  135 C 
w i t h i n  10 min.  The hollow Tef lon  carrier would not s e r v e  as 
a primary thermal b a r r i e r ,  
n i t r o g e n  gas w i t h i n  t h e  c a r r i e r  should not i n t e r f e r e  s i g n i f i c a n t l y  
S i l i c o n e  rubber pads and t h e  
w i t h  hea t  t r a n s f e r  t o  t h e  spore  t a b l e t .  The spore  mass must 
have a high o rde r  of inherent  r e s i s t a n c e  i n  t h e  absence of 
\ 
any i n s u l a t i o n  e x t e r n a l  t o  t h e  Teflon carrier.  
S t e r i l i t y  i n d i c a t o r  performance upon d i r e c t  exposure t o  135 C - 
cumulat ive - data.  The incidence of p o s i t i v e  c u l t u r e s  i n  va r ious  
_. 
experiments w i th  spore t a b l e t  - Teflon c a r r i e r  i n d i c a t o r s  was 
to ta led  f o r  each exposure per iod a t  135 C. (Table 7 ) .  Most 
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TABLE 7 - , 
Cumulative incidence of p o s i t i v e  c u l t u r e s  f rom experiments w i t h  
- B. s u b t i l i s  IJC18 tab le t -Tef lon  c a r r i e r  i n d i c a t o r s  placed d i r e c t l y  
a t  135 C and recovered i n  t r y p t i c a s e  soy bro th ;  lo9- 10 10 spores  
p e r  t a b l e t .  
HOURS AT 
135 c 
2 
4 
5 
6 
8 
10 
12 
14 
16 
18 
20 
22 
23 
24 
- 
SURVIVAL PATIO 
POSITIVE CULTURES/TOTAL CULTURES 
22/22 
19/21 
113 
- 9/15 
11/24 
16/65 
3/13 
6/24 
24 177 
24/72 
2 135 
119 
0120 
0/6 
PERCENT 
RECOVERED 
100 
91 
33 
60 
46 
25 
23 
25 
31 
33 
6 
11 
0 
0 
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of t h i s  data  was obtained w i t h  undisturbed b r o t h  c u l t u r e s  
and a series of spore  crops.  . About one-third of t h e  u n i t s  
a t  135 C f o r  18 hours had v i a b l e  spores .  
Although a g i t a t i o n  during incubat ion  provided a much h igher  
o r d e r  of recovery,  a proper system must be 100 percent  
re l iable .  S t a t i s t i c a l  a n a l y s i s  may show t h a t  a f i n i t e  number 
of s t e r i l i t y  i n d i c a t o r s  of high r e l i a b i l i t y  i n  a g iven  thermal  
process could be considered equ iva len t  t o  a lesser number of 
a hypo the t i ca l  100 percent  r e l i a b l e  i n d i c a t o r .  
may be necessary s i n c e  a n  ex tens ive  r e sea rch  e f f o r t  may be 
This  compromise 
r equ i r ed  t o  e s t a b l i s h  t h e  s p e c i f i c  environmental and 
n u t r i t i o n a l  requirements f o r  recovery of  spores  subjec ted  t o  
prolonged thermal stress. There i s  no assurance t h a t  a 
fully r e l i a b l e  system can be achieved without  major a l t e r a t i o n s  
in t h e  s u b s t r a t e  and carrier.  
S t e r i l i t y  i n d i c a t o r  performance a f t e r  con t ro l l ed  temperature 
el__. rise t o  135 C - cumulative d a t a .  R e p e t i t i v e  experiments i n  
which t h e  du ra t ion  of temperature r ise t o  135 C was v a r i e d  
have been summarized i n  Table 8. It appears  t h a t  t h e  ra te  
at which t h e  temperature i s  r a i s e d  w i l l  a t  least  i n d i r e c t l y  
'. 
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affect  the l e t h a l i t y  a t t r i b u t e d  t u  heat.  
were de tec t ed  through t h e  t e n t h  hour a t  135 C i n  experiments 
involv ing  a six-hour warmup t o  t h e  t es t  temperature.  
p o s i t i v e  c u l t u r e  was obtained a f t e r  e i g h t  hours a t  135 C 
when 24 hours were required t o  reach t h i s  temperature.  The 
d a t a  for  t h e  4 and 24 hour warmup 'suggests t h a t  more samples 
Surviving spores  
One 
are requi red  f o r  proper  eva lua t ion  of cyc le s  l i k e l y  t o  be 
unfavorable  f o r  spore  v i a b i l i t y ,  Furthermore, t h e  occurrence 
of p o s i t i v e  c u l t u r e s  i n  t h e  24 hour warmup experiment s e rves  
to i l l u s t r a t e  t h a t  thermal dea th  is  not  exc lus ive ly  a thermal 
abso rp t ion  effect .  
Rapid vapor i za t ion  of r e s i d u a l  water i n  w e l l - d r i e d  spores  
and r e t e n t i o n  of vapors may c r e a t e  a micro-autoclave i n  which 
spores  are k i l l e d  a f te r  b r i e f  exposure t o  an e leva ted  
temperature .  
spo res  encounter ing c r i t i c a l  temperature ranges dur ing  rap id  
Perhaps spores  placed d i r e c t l y  a t  135 C and 
temperature  excurs ions  a r e  destroyed i n  t h i s  manner. 
,. 
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TABLE - 8
Cumulative incidence of p o s i t i v e  c u l t u r e s  from experiments w i t h  
c B. s u b t i l i s  WC18 t ab le t -Tef lon  carr ier  i n d i c a t o r s  heated a t  
135 d af te r  warmup from room temperature;  lo9- 10 10 spores  per  
t a b l e t .  
Hours a t  
135 C 
4 
7 
8 
9 
10 . 
0 
2 
3 
4 
5 
6 
7 
8 
Surviva l  Ra t io  
P o s i t i v e  Cul tures /Tota l  Cul tures  
A .  4 h r  t o  reach 135 C 
Percent  
Recovered 
0 
0 
0 
0 
0 
87 
100 
100 
100 
14 
38 
13 
25 
Hours at 
135 C 
10 
12 
8 
12 
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TABLE 8 (CONTINUED) 
Survival Ratio 
Positive Cultures/Total Cultures 
.* 
C. 24 h r  to reach.l.35 C 
1 / 4  
0 / 4  
0 /4  
1/4 
0 / 4  
Percent 
Recover e d 
50 
- 0  
25 
0 
0 
25 
0 
. 
. .  
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Absence - of  t o x i c i t y  - i n  b ro th  c u l t u r e s  conta in ing  hea t -  
k i l l e d  spores. S ince  a s p o r e ' t a b l e t  might have f e w  v i a b l e  
spores  a f t e r  being hea ted ,  i t  w a s  necessary t o  determine 
whether heated t a b l e t s  contained t o x i c  m a t e r i a l s  which 
could i n t e r f e r e  w i t h  growth of - B .  s u b t i l i s  WC18 (Progress  
Report No. 7 ) .  The c u l t u r e  medium was t r y p t i c a s e  soy b r o t h  
w i t h  d ispersed  heated spore t a b l e i s  t h a t  had no t  developed 
i n t o  p o s i t i v e  c u l t u r e s .  Vegetat ive cells  were not  p re sen t  
i n  t h e  t u r b i d  tubes  which each had about 10 dead spores .  . 
9 
Twenty-four spore-broth tubes were inocula ted  w i t h  ca. 5 
- B .  s u b t i l i g  WC18 spores  i n  0.5 m l w a t e r  t o  g ive  a concen t r a t ion  
of 0.5 spore  pe r  ml. Afte r  20 hours incubat ion  a t  37 C ,  19 
tubes  had a t h i c k ,  whi te ,  opaque, wrinkled p e l l i c l e  which 
extended as a r i n g  about 1/4 inch  above t h e  s u r f a c e  of t h e  
medium. A clear zone extended about 1/2 i nch  below t h e  
l u x u r i a n t  s u r f a c e  growth. 
t u r b i d  w i t h  unsedimented spores .  
The remainder of t h e  c u l t u r e  was 
The f ive  tubes  which d i d  not have obvious growth were t u r b i d  
throughout.  Two of t h e s e  c u l t u r e s  were found t o  have mot i l e  
and nonmotile v e g e t a t i v e  c e l l s  wh i l e  t he  o t h e r  3 tubes  had 
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no evidence of v e g e t a t i v e  ce l l s  i n  20 hours incubat ion .  
Con t ro l  tubes  of t r y p t i c a s e  soy b r o t h  inocula ted  i n  t h e  
same manner a l l  had t h i n  white  s u r f a c e  f i l m s  and t r a n s l u c e n t  
ground-glass r i n g s  extending 1 / 4  inch  above t h e  medium s u r f a c e .  
The dead spores  i n  t h e  re inocula ted  tubes  con t r ibu ted  
n u t r i e n t s  or growth s t imu lan t s  s i n c e  growth was s u p e r i o r  i n  
t h e s e  c u l t u r e s  than  i n  the  c o n t r o l  c u l t u r e s  which d id  not  
have dead spores .  The excel-lent growth responses from small 
i nocu la  demonstrated t h a t  heated spores  do not  i n t e r f e r e  
w i t h  germinat ion and development of unheated B. s u b t i l i s  - 
WC18 spores .  It is probable t h a t  recovery of s u b l e t h a l l y -  
heated spores  might be favored i n  an environment r i c h  i n  
dead spores .  
Some f a c t o r s  which inf luence  spore  dea th  and t h e  . recovery - - --
of spores  i n j u r e d  b~ h e a t .  The t o t a l  thermal exposure - -
profi le :  warmup, d u r a t i o n  a t  maximum test  temperature,  and 
cooldown i n t e r v a l  w i l l  be t h e  ove r r id ing  f a c t o r  i n  microbia l  
l e t h a l i t y .  It is ev iden t  t h a t  l e t h a l i t y  probably occurs  . 
over a broad temperature range during t h e  t r a n s i t i o n  from 
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room temperature t o  135 C. 
heated t o  t e s t  temperature w i . 1 1  i n f luence  t h e  apparent  
The rate a t  which organisms are 
thermal  r e s i s t a n c e  because of i n t r a -  and h t e r - c e l l u l a r  
phenomena which occur  a t  var ious  temperature  ranges.  
of t h e s e  phenomena are the rate of  water Eoss, loss- of 
volat i les ,  enzyme i n a c t i v a t i o n  and s t r u c t w a f  changes a t  
Some 
r 
the  cel l  o r  spore  su r face .  
Volatlles r e l eased  from t h e  s p o r e  mass du r ing  hea t ing  are 
confined w i t h i n  t h e  c a r r i e r  and could exerlt some unknown 
a c t i o n  on t h e  spores .  The phenomenon m i g h t  be expressed 
as a )  l e t h a l i t y ;  b) pregermination and consequent hea t  
dea th ;  c) i n h i b i t i o n  i n t e r p r e t e d  as l e t h a l i t y  when growth 
does no t  occur;  o r  hopeful ly ,  d )  germina t ion  t r igge red  only  
when t h e  spore  encounters  t h e  c u l t u r e  medium. 
, 
I 
It is probable t h a t  any t e s t  organism w i l l  have p a r t i c u l a r  
environmental  o r  n u t r i t i o n a l  requirements f o r  germination 
and outgrowth of unheated and heated s p o r e s .  Adoption of 
a more hea t  r e s i s t a n t  organism may not  p rov ide  any advantage. 
The complexity of t h e s e  i n t e r r e l a t i o n s  may be ‘ i l l u s t r a t e d  
R 
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I 
by t h e  a u t o - i n h i b i t i o n  observed i n  t h e  germinat ion of t h i c k  
spore  suspensions of - B. g l o b i g i i .  
germinate r e l e a s e  D-alanine which then  i n h i b i t s  germinat ion 
of t h e  remaining spores .  
The f i r s t  spores  t o  
i 
I 
\ '  
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1. (a) (1) ( i v )  FORMULATE A SYSTEM O P E M T I N G  PROCEDURE AND 
FUNCTIONAL METHOD FOR PPACTICAL USAGE 
These procedures are t o  be considered gu ide l ines  f o r  a s t e r i l i t y  
i n d i c a t o r  which has  t h e  des i red  performance c h a r a c t e r i s t i c s  
in a given  temperature program. 
recovery method w i l l  provide t h e  proper  n u t r i t i o n a l  and p h y s i c a l  
environment f o r  germination and outgrowth of a11 v i a b l e  spores .  
It i s  beyond t h e  scope of t h i s  e f f o r t  t o  de ine  t h e  s p e c i f i c  
l abora to ry  ope ra t ions  for  i n d i c a t o r  code c o n t r o l  and process ing  
event  sequence. 
It is  assumed t h a t  t h e  
.. 
_ Q u a l i t y  Assurance. - Twenty s t e r i l i t y  i n d i c a t o r s  from each l o t  
of i n d i c a t o r s  received f rom t h e  vendor a r e  t o  be placed i n  a 
d ry  hea t  oven set  a t  135 C. 
18 hours and t h e  remaining t e n  u n i t s  are to be removed a f t e r  
approximately 23 hours.  
processed i n  the 'same manner as i n d i c a t o r s  being subjec ted  t o  
t he  s p e c i f i c  s t e r i l i z a t i o n  requirement.  
Ten u n i t s  are t o  be removed a f te r  
A l l  twenty i n d i c a t o r s  are t o  be 
If s t e r i l i t y  i n d i c a t o r  s p e c i f i c a t i o n s  r equ i r e  a 100 percent  
r e l i a b l e  device ,  then a11 10 u n i t s  which had been a t  135 C 
for  18 hours a r e  t o  produce p o s i t i v e  c u l t u r e s  c h a r a c t e r i s t i c  
'. . 
A g e n e r a l  q u a l i t y  assurance p rov i s ion  not  descr ibed  he re in  
will s p e c i f y  t h e  manner i n  which s t e r i l i t y  i n d i c a t o r s  are 
packaged for shipment by t h e  vendor, t h e  i n c l u s i o n  of 
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of t h e  i n d i c a t o r  organism, A l l  10 u n i t s  which had been a t  
135 C f o r  approximately 23 hours a r e  t o  produce negat ive  
c u l t u r e s  i n  which t h e r e  is  no mic rob ia l  growth de tec t ed  by 
visua1,rnicroscopic and subcu l tu re  techniques.  
from t h e s e  r e s u l t s  s h a l l  be s u f f i c i e n t  t o  c l a s s i f y  t h e  
p a r t i c u l a r  l o t  of s t e r i l i t y  i n d i c a t o r s  n o t  accep tab le  for  
use. 
Any d e v i a t i o n  
A g e n e r a l  q u a l i t y  assurance p rov i s ion  r e q u i r e s  t h a t  every - 
i n d i c a t o r  be subjec ted  t o  an i n s p e c t i o n  regimen cer t i f ied  - .  
to have been performed by the  vendor p r i o r  t o  being packaged 
i n  i n d i v i d u a l  tamper-proof con ta ine r s .  
i n s p e c t i o n  and t e s t  procedures w i l l  be dependent on t h e  
s t r u c t u r e  of t h e  s t e r i l i t y  i n d i c a t o r  and t h e  q u a l i t y  c o n t r o l  
du r ing  i n d i c a t o r  f a b r i c a t i o n .  
The s p e c i f i c  
temperature  i n d i c a t o r s  which change c o l o r  o r  s t r u c t u r e  shot 
t h e y  encounter  a given environmental temperature  dur ing  
Id  
package t r a n s i t ,  t h e  de l ive ry  means, and i n s p e c t i o n  and s t o r a g e  
I .  -67- 
I upon r e c e i p t  a t  t h e  test  labora tory .  
I '  
P o s t - t e s t  Transport  Container.  This  c o n t a i n e r  w i l l  c o n s i s t  
I !  of a wide-mouth glass screw cap b o t t l e .  
may no t  be used because the  hydrophobic n a t u r e  of t h e  
A p l a s t i c  b o t t l e  
I material i n t e r f e r e s  w i t h  the  germii idal  t rea tment .  The 
ver t ical  dimension of t h e  b o t t l e  w i l l  be a t  l e a s t  50 percent  
greater than  t h e  v e r t i c a l  space occupied by a l l  i n d i c a t o r s  
to be held i n  t h e  con ta ine r .  The i n d i c a t o r s  t o  be contained 
w i l l  inc lude  a l l  p o s i t i v e  and negat ive  c o n t r o l  i n d i c a t o r s  
and n o t  more than an optimum number of i n d i c a t o r s ,  poss ib ly  
twenty-f ive,  subjec ted  t o  t h e  thermal s t e r i l i z a t i o n  process ,  
Approximately 20 - 24 hours p r i o r  t o  use t h e  washed b o t t l e  
is r in sed  w i t h  germicide on a l l  su r faces .  The b o t t l e  is 
then f i l l e d  t o  two-thirds  capac i ty  w i t h  germicide s o l u t i o n ,  
capped, and a g i t a t e d  t o  wet t h e  e n t i r e  i n t e r i o r  su r f ace .  
Between s i x  and t e n  hours p r i o r  t o  i t s  use  as a t r a n s p o r t  
c o n t a i n e r  t h e  b o t t l e  is inve r t ed ,  a g i t a t e d  b r i e f l y ,  and 
ma in ta ined  on i t s  s i d e  i n  a pan conta in ing  s u f f i c i e n t  
_.  
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germicide t o  cover t h e  b o t t l e  and t h e  cap,  The b o t t l e  is  
turned a t  hourly i n t e r v a l s  t o  w e t  a l l  p a r t s  of t h e  b o t t l e  
w a l l .  
The b o t t l e  i s  removed from t h e  germicide pan, wiped w i t h  
a s te r i le  towel and placed i n  a s t e r i l e  metal s a f e t y  can 
for subsequent t r a n s f e r  t o  t h e  s i t e  a t  which s t e r i l i t y  
i n d i c a t o r s  are being used. 
Germic ide .  
pe rcen t  formal in  and 95 p a r t s  70 percent  e t h y l  o r  
A s p o r i c i d e  such as a mixture  of 5 p a r t s  5 
i sop ropy l  a l coho l  (v/v) is recommended. 
Con t ro l s ,  A negat ive  c o n t r o l  on t h e  recovery procedure 
s h a l l  c o n s i s t  of three coded s t e r i l i t y  i n d i c a t o r s  which 
have been heated i n  a 160 C oven f o r  t h r e e  hours. 
A p o s i t i v e  c o n t r o l  on t h e  recovery procedure s h a l l  c o n s i s t  
o f  t h r e e  coded unheated s t e r i l i t y  i n d i c a t o r s .  
The p o s i t i v e  and negat ive  c o n t r o l s  are t o  be from t h e  same 
'. . 
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l o t  as t h e  i n d i c a t o r s  subjec ted  t o  t h e  thermal s t e r i l i z a t i o n  
process .  
The p o s i t i v e  and negat ive  c o n t r o l s  are placed i n  t h e  Post-  
t es t  Transpor t  Container  which w i l l  be used t o  r e t u r n  t h e  
i n d i c a t o r s  subjec ted  t o  t h e  thermal s t e r i l i z a t i o n  process  
t o  t h e  labora tory .  
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Some Concepts for Biologica l  S t e r i l i t y  I n d i c a t o r  Use. - - - 
1. Place  s t e r i l i t y  i n d i c a t o r s  and thermocouples i n  a 
s p a c e c r a f t  model undergoing hea t  t r a n s f e r  tests.  
P o s i t i o n  each i n d i c a t o r  near  a thermocouple. Apply 
a proposed hea t  s t e r i l i z a t i t m ’ p r o c e s s .  Cul ture  
t h e  b i o l o g i c a l  s t e r i l i t y  i n d i c a t o r .  
I f  t h e  i n d i c a t o r s  a r e  s t e r i l e ,  adequate heat  was 
appl ied  t o  s t e r i l i z e  t h e  i n d i c a t o r  spore  populat ion.  
Thermal d a t a  w i t h  r e spec t  t o  t i m e  €or each thermo- 
couple  t o  reach  process s t e r i l i z a t i o n  temperature 
and du ra t ion  a t  temperature can rece ive  b i o l o g i c a l  
confirmation w i t h  r e spec t  t o  a t ta inment  of 
s t e r i l i z i n g  condi t ions .  
2. 
I f  i n d i c a t o r s  show v i a b i l i t y ,  i n s u f f i c i e n t  h e a t  w a s  
app l i ed  t o  t h a t  p o s i t i o n  of  t h e  spacec ra f t  model, 
sugges t ing  t h e  need f o r  redes ign  t o  promote hea t  
t r a n s f e r .  The time-temperature r e l a t i o n  is  unce r t a in .  
The same system as i n  1 above i s  followed wi th  r e spec t  
t o  temperature con t ro l .  I n  t h i s  case, s t e r i l i t y  
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i n d i c a t o r s  are i n  the same p o s i t i o n s  but  thermo- 
couples  are not  used. . 
I f  any i n d i c a t o r s  a r e  now v i a b l e  at sites which 
previous ly  y ie lded  s t e r i l e  i n d i c a t o r s ,  it is 
probable t h a t  hea t  t r a n s f e r ,  a long  t h e  the.rmocouple 
w i r e  was an important mechanism i n  in t roduc ing  hea t  
t o  t h e  v i c i n i t y  of t h e  i n d i c a t o r .  
v i a b i l i t y  would i n d i c a t e  t h a t  h e a t  conduction along 
thermocouple w i r e  gave h igher  temperature  readings 
than  a c t u a l l y  ex i s t ed  i n  t h e  v i c i n i t y  of t h e  thermo- 
Furthermore, 
coup le . j u n c t i o n .  
3. Determine  t h e  degree of i n s u l a t i o n  t h a t  compromises 
i n d i c a t o r  a p p l i c a t i o n  i n  a g iven  h e a t  s t e r i l i z a t i o n  
process .  
4. Bio log ica l  check on t h e  a p p l i c a t i o n  of a hea t  
s t e r i l i z a t i o n  process t o  a s p a c e c r a f t  undergoing 
t e rmina l  s t e r i l i z a t i o n .  P l ace  s t e r i l i t y  i n d i c a t o r s  
w i t h  s e v e r a l  degrees of i n s u l a t i o n  i n  t h e  same 
oven con ta in ing  the  f l i g h t  capsule  sealed i n  i t s  . 
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c a n i s t e r .  
one group has less i n s u l a t i o n  than  t h e  most 
d i f f i c u l t  t o  hea t  a r ea  of the  s p a c e c r a f t ,  one 
group has i n s u l a t i o n  equiva len t  t o  t h a t  i n  t h e  
I n s u l a t e  s t e r i l i t y  i n d i c a t o r s  so  t h a t  
. 
most d i f f i c u l t  t o  heat a r e a  of t h e  s p a c e c r a f t ,  
and one group has considerably more i n s u l a t i o n  
than  t h e  worst  a r e a  o f  t h e  . spacec ra f t .  These u n i t s  
would be ad jacen t  t o  a s p a c e c r a f t  undergoing 
t e rmina l  s t e r i l i z a t i o n .  
r e t r i e v e d  after the  s t e r i l i z a t i . o n  process  and 
c u l t u r e d .  'Growth should occur i f  a t  a l l  only i n  
The i n d i c a t o r s  would be 
t h e  i n d i c a t o r s  w i t h  more i n s u l a t i o n  than t h e  
s p a c e c r a f t .  Note t h a t  t h e  f l i g h t  capsule  does 
n o t  c o n t a i n  s t e r i l i t y  i n d i c a t o r s .  
. .  
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1. (4 (1) ( i v )  CONDUCT FOR JPL APPROVAL PERFORMANCE TESTING 
TO DEMONSTRATE THE ADEQUACY OF THE TEST 
SYSTEM AND THE BASIC STERILIZATION CYCLE. 
The requirement t h a t  t h e  t es t  system 
. tes t  organism f o r  e ighteen  t o  twenty 
show s u r v i v a l  of t h e  
hours and no s u r v i v a l  
after approximately twenty-three hours at 135 C has been 
m e t  by t h i r t y - t h r e e  percent  of t h e - 7 2  i n d i c a t o r s  exposed 
f o r  e igh teen  hours (Table 7) ,  s i x  percent  of t h e  35 i n d i c a t o r s  
exposed f o r  20 hours and eleyen percent  of t h e  9 i n d i c a t o r s  
exposed f o r  22 hours. 
and phys ica l  environment f o r  germinat ion and p r o l i f e r a t i o n  
of heated spores  would inc rease  t h e  inc idence  of recovery,  but  
Def in i t i on  of t h e  proper  n u t r i t i o n a l  
t h e r e  is  no assurance 
can be  developed. 
Data from experiments 
t h a t  a 100 percent  r e l i a b l e  i n d i c a t o r  
. . .  
i n  which i n d i c a t o r s  were r e t r i e v e d  a f te r  
22-24 hours a t  135 C tended t o  support  t h e  adequacy of  t h e  
basic s t e r i l i z a t i o n  cyc le .  A l l  but  one of t h e  35 i n d i c a t o r s  
i n  t h i s  series (Table 7) f a i l e d  t o  grow. 
1 x 10 
l i k e l y  t o  be p re sen t  i n  a s p a c e c r a f t  assembled under 
The mass of about 
spores  is  considerably g r e a t e r  t h a n  t h e  populat ion 10 
c o n t r o l l e d  cond i t ions .  
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APPENDIX 
SPORE PRODUCTION 
1.0 Organism. Bac i l lu s  s u b t i l i s  WC18 
! 
I 
, 
2.0 
2.1 
2.2 
2.3 
2.4 
Primary Stock C u l t u r e .  
of t h e  organism i s  s t reaked  on P l a t e  Count Agar 
i n  t h r e e  ( 3 )  P e t r i  d i shes .  The c u l t u r e s  a r e  
incubated a t  37 C f o r  20-24 hours and a r e  examined 
v i s u a l l y  f o r  obvious o r  suspect  contaminants and 
f o r  t h e  presence of morphologically t y p i c a l  co lon ie s  
of t h e  organism. 
The parent  s tock  c u l t u r e  
A s ingle  w e l l - i s o l a t e d  colony i s  s e l e c t e d  from t h e  
b e s t  acceptab le  P e t r i  d i s h  c u l t u r e .  T rans fe r s  a r e  
made t o  t h r e e  (3) P l a t e  Count Agar p l a t e s .  These 
c u l t u r e s  a r e  incubated f o r  20-24 hours a t  37 C 
and examined f o r  colony homogeneity. Morphological 
colony v a r i a n t s  m u s t  not  be present  on t h e  s e l e c t e d  
c u l t u r e .  
A s i n g l e  w e l l - i s o l a t e d  colony is s e l e c t e d  and 
inocula ted  t o  t h r e e  (3) P l a t e  Count Agar s l a n t s  i n  
screw cap c u l t u r e  tubes.  The c u l t u r e s  a r e  
incubated a t  37 C f o r  20-24 hours. One c u l t u r e  
having t y p i c a l  growth i s  designated t h e  Primary 
Stock C u l t u r e .  
The Primary Stock Culture  i s  checked f o r  p u r i t y  
by prepar ing  th ree  ( 3 )  subcul tures  on P l a t e  Count 
Agar 
The Primary Stock Cul ture  i s  subjec ted  t o  t h e  
de te rmina t ive  t e s t s  f o r  B. s u b t i l i s  WC18 (Table 2 ) .  
All c h a r a c t e r i s t i c s  must-conform t o  the  d e s c r i p t i o n  
of t h e  pa ren t  s t r a i n .  
I '  
3 .0  
4.0 
4.1 
. , 4.3 
. 5.0 
6.0 
6. 1 
Reserve Stock Cul tures .  The two r e s i d u a l  c u l t u r e s  
from 2.2 a r e  designated Reserve Stock Cu l tu re s  
and a r e  s t o r e d  a t  .room temperature o r  r e f r i g e r a t e d  
for  poss ib l e  replacement o f  t he  Primary Stock 
C u l t u r e .  
Working Stock C u l t u r e .  Two P l a t e  Count Agar s l a n t  
subcu l tu re s  a r e  made from t h e  Primary Stock C u l t u r e .  
These c u l t u r e s  a r e  incubated a t  37 C f o r  20 hours. 
. . Should both c u l t u r e s  appear  t o  have the  
c h a r a c t e r i s t i c s  of the  organism, one c u l t u r e  i s  
processed while t h e  o t h e r  i s  held i n  r e se rve  and 
d iscarded  i f  not  r equ i r ed  for  another  Spore Lot. 
The Working Stock Cul ture  i s  examined by phase 
c o n t r a s t  microscopy f o r  spore  uniformity,  spore 
l o c a t i o n  i n  sporangia ,  and presence of vege ta t ive  
cel ls  which do not  appear t y p i c a l  of B. s u b t i l i s  
WC18 
- 
Subcul tures  awe made t o  P l a t e  Count Agar p l a t e s  f o r  
p u r i t y  check. 
Sporu la t ion  Medium. 
.Code 0517) wi th  two ( 2 )  percent  agar .  
Tomato Juice Broth (Difco 
Roux B o t t l e  Prepara t ion .  Three (3) l i t e r s  of  t h e  
s p o r u l a t i o n  medium a r e  prepared f o r  each Spore Lot. 
The medium i s  dispensed wh i l e  h o t  i n  150 ml p o r t i o n s  
t o  nine teen  (19) Roux b o t t l e s .  
-
The Roux b o t t l e s  a r e  plugged loose ly  w i t h  non- 
absorbent  co t ton  covered w i t h  two l a y e r s  of gauze. 
The plugged b o t t l e  mouths  a r e  covered w i t h  "dust 
caps" of heavy duty household aluminum f o i l .  
i 
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The b o t t l e s  a r e  s t e r i l i z e d  e r e c t  a t  121 C and 15 l b  
steam p res su re  f o r  20 m i n u t e s .  The medium i s  
s o l i d i f i e d  a t  room temperattire a f t e r  t he  Roux 
bot t les  have been placed on t h e i r  s i d e s .  
6.3 
6.2 
7.0 
7.1 
The b o t t l e s  a r e  incubated a t  37 C f o r  one day. 
Eighteen (18) b o t t l e s  which do n o t  show any ev- idence 
of contamination are reserved  for inocu la t ion .  
Act ive Inoculum. 
Stock C u l t u r e  (4 .0 )  i s  washed off t he  s l a n t  w i th  
The growth i n  the  20-hour Working 
10 ml s te r i le  d i s t i l l e d  water .  
g e n t l y  t o  break up any major clumps. 
The tube i s  a g i t a t e d  
Each Roux b o t t l e  (6.3) i s  inocu la t ed  w i t h  0.5 m l  
of t h i s  suspension taken d i r e c t l y  from t h e  Working 
Stock  C u l t u r e  tube. The Roux b o t t l e s  a r e  rocked 
g e n t l y  t o  d i s t r i b u t e  the  inoculum over  the  wet su r face  
of t h e  medium. 
8.0 Sporula t ion  - and Auto lys i s .  The Roux b o t t l e s  a r e  
incubated f l a t  a t  45 C f o r  seven days. The agar  
medium is on the lower s i d e  of t h e  v e s s e l  during 
incubat ion .  
8.1 Each seven-day Roux b o t t l e  c u l t u r e  i s  inspec ted  f o r  
obvious contamination. Samples a r e  taken from each 
b o t t l e  f o r  G r a m  s t a i n s  and examination by phase 
c o n t r a s t  microscopy. 
p r imar i ly  f r e e ,  r e f r a c t i l e  s p o r e s  and empty sporangia 
a r e  r e t a i n e d .  I n  g e n e r a l ,  v e g e t a t i v e  ce l l s ,  i f  
p r e s e n t ,  w i l l  no t  i n t e r f e r e  w i t h  subsequent ope ra t ions .  
Only c u l t u r e s  which con ta in  
9.0 Harvest ing Spores. The c r i t i ca l  requirements f o r  B.  
s u b t i l i s  WC18 spores  a r e :  a )  prompt removal of  spores  
i n  water  suspension from t h e  c u l t u r e  medium t o  
minimize leaching out  germinat ing agen t s ,  b )  co ld  
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s t e r i l e  d i s t i l l e d  wa te r ,  and c )  g r o s s  d i l u t i o n  of  
t h e  ha rves t  t o  prevent  i n c i p i e n t  germinat ion and 
consequent loss  of heat  r e s i s t a n c e .  
t 
9.1 
9.2 
9.3 
9.4 
9.5 
9 -6  
9.7 
Two s i x - l i t e r  f l a s k s  con ta in ing  two l i t e rs  d i s t i l l e d  
water  and a Teflon-covered magnztic s t i r r i n g  ba r  
a r e  s t e r i l i z e d ,  cooled,  and s t o r e d  i n  a r e f r i g e r a t o r .  
Each f l a s k  w i l l  r ece ive  t h e  spore  ha rves t  from nine  
Roux b o t t l e  cul tures .  When r equ i r ed  f o r  u s e ,  t he  
f l a s k s  a r e  placed on magnetic sitirrers se t  a t  moderate 
speed. 
Approximately 80 m l  co ld  s ter i le  d i s t i l l e d  water  i s  
added t o  a Roux b o t t l e  c u l t u r e .  A s t e r i l e  bent  
g l a s s  rod i s  moved g e n t l y  a c r o s s  the  s u r f a c e  of  t h e  
c u l t u r e  medium to  d is lodge  any adherent  growth. 
The spore suspension i s  passed through a s t e r i l e  
f u n n e l  holding two l a y e r s  of  gauze and a g l a s s  wool 
pad, and c o l l e c t e d  i n  one of t h e  water  f l a s k s  (9.1). 
- 
When t h e  f irst  f l a s k  has rece ived  i t s  n i n e  h a r v e s t s ,  
s u f f i c i e n t  cold s t e r i l e  d i s t i l l e d  water  i s  added t o  
give a f i n a l  volume of about f i v e  (5) l i t e rs  of  
d i l u t e  spore suspension. The f l a s k  i s  wrapped w i t h  
a towel soaked i n  i ce  water and the  suspension 
s t i r r e d  f o r  one hour. 
Procedure 9.4 is followed f o r  the remaining n i n e  
Roux b o t t l e  c u l t u r e s .  
The suspensions (9.4 and 9.5) are passed through a 
cont inuous flow r e f r i g e r a t e d  c e n t r i f u g e  s e t  to -p rov ide  
a n  e f f l u e n t  temperature of 4 C and 12,100 x G o r  
10,000 rpm f o r  the Se rva l1  c e n t r i f u g e .  The flow 
ra te  i s  ad jus t ed  t o  main ta in  a c l e a r  e f f l u e n t .  The 
e f f l u e n t  is  autoclaved aad d iscarded .  
The t op  l a y e r  of t h e  spore p e l l e t s  i n  t he  c e n t r i f u g e  
cups s e p a r a t e s  r e a d i l y  from t h e  packed spore mass 
and i s  discarded.  T h i s  l a y e r  o r d i n a r i l y  c o n s i s t s  
of sporangia and vege ta t ive  c e l l s  (ca 1 p e r c e n t )  and 
about  5 0 3 0  r e f r a c t i l e  and n o n r e f r a c t i l e  spores .  
9.8 
9.9 
9.10 
9.11 
9'. 12  
9.13 
9.14 
The spore  p e l l e t s  a r e  washed i n t o  a s i x  l i t e r  
f l a s k  conta in ing  f o u r  l i t e r s  co ld  s t e r i l e  d i s t i l l e d  
water  and a s t i r r i n g  bar .  
s t i r red f o r  f i v e  minutes  and t h e  f l a s k  i s  then 
r e f r i g e r a t e d  f o r  15-20 hours. 
The f l a s k  con ten t s  a r e  
The centr i fuge a c c e s s o r i e s  a r e  s t e r i l i z e d ,  washed, 
and s t e r i l i z e d  f o r  u s e .  
The suspension (9.8) is  removed from t h e  r e f r i g e r a t o r ,  
wrapped i n  a wet towel and s t i r r e d  f o r  one hour. 
The suspension i s  t r e a t e d  t o  procedures 9.6 and 9.7. 
The spore  p e l l e t s  a r e  suspended i n  about 100 ml 
co ld  s t e r i l e  d i s t i l l e d  water  and subjec ted  t o  
procedures  9.6 a6d 9.7. 
The cleaned s p o r e  p e l l e t s  a r e  suspended i n  about 
100 ml cold  s t e r i l e  d i s t i l l e d  water  and reserved  i n  
t h e  r e f r i g e r a  t o r  f o r  f reeze-dry ing .  
C r y s t a l  v i o l e t  s t a i n e d  s l i d e s  and unstained 
p r e p a r a t i o n s  from t h e  c l ean  spore  suspension (9.13) 
a r e  examined by b r i g h t  l i g h t  and phase c o n t r a s t  
microscopy f o r  an e s t ima t ion  of t h e  propor t ion  of 
ungerminated spores  (uns ta ined ,  b r i g h t  r e f r a c t i l e ) ,  
germinated spores  ( s t a i n e d ,  grey  o r  da rk  r e f r a c t i l e ,  
-swollen) ,  and c e l l  d e b r i s .  
. 
9.15 An accep tab le  spore c rop  should have a t  l e a s t  90 
percen t  ungerminated spores  and l i t t l e  evidence of  
ce l l  d e b r i s  and vege ta t ive  ce l l s .  
have c o n s i s t e n t l y  given high q u a l i t y  spore  crops.  
These procedures 
10.0 ' Freeze-Dried Spore Powder. The gene ra l  p r i n c i p l e s  
found t o  y i e l d  a q u a l i t y  spore powder a r e  descr ibed .  
These techniques can be modified f o r  any equipment 
t h a t  can perform t h e  same func t ions .  
. 
10.1 
.lo02 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
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Approximately 50 m l  of t he  spore  concent ra te  from 
9.13 i s  placed i n  .a s t e r i l e  Roux b o t t l e .  The 
b o t t l e  i s  stoppered and placed on i t s  s i d e  i n  a 
f r e e z e r  opera t ing  a t  -20 C for  about  t h r e e  hours. 
The remainder of the  spore concen t r a t e  i s  added 
t o  the  Roux b o t t l e  i n  10.1 and f rozen  on to  the  
o t h e r  s i d e  of the  b o t t l e .  
An equipment t r a i n  i s  de t  up t o  inc lude  i n  sequence: 
a )  Roux b o t t l e  w i t h  frozen spores ,  b )  co ld  t r a p  
charged w i t h  dry-ice-Freon 11, c )  o i l  d i f f u s i o n  
pump and d )  r o t a r y  vacuum pump. 
The Roux b o t t l e  w i t h  f rozen  spores  i s  se t  in '  an 
i n s u l a t e d  con ta ine r  i n  which t h e  Roux b o t t l e  i s  
surrounded by a 15 percent  sodium c h l o r i d e  s o l u t i o n  
previous ly  cooled t o  -10 C. 
The r o t a r y  pump i s  turned on and the  o i l  d i f f u s i o n  
pump is  operated when 5OOp pres su re  i s  reached. 
P res su res  of  4 x t o r r  have been achieved i n  
t h i s  vacuum system. 
r e q u i r e s  2-3 days. 
The f reeze-dry ing  process  
The b r i n e  temperature i s  c o n t r o l l e d  w i t h  dry  i c e .  
When most of  the w a t e r ' h a s  been removed from the  
spo res ,  t he  b r ine  temperature i s  r a i s e d  t o  -5 t o  
-3 C.  
spores  i s  maintained a t  room temperature dur ing  
t h e  f i n a l  hours of drying. 
The evacuated Roux b o t t l e  con ta in ing  dry  spores  i s  
i s o l a t e d  from the  vacuum t r a i n  by a clamp and the  
remainder of the  system i s  brought t o  room temperature 
and pressure .  
The Roux b o t t l e  con ta in ing  e s s e n t i a l l y  dry 
The sea l ed  Roux b o t t l e  i s  t r a n s f e r r e d  t o  a s t e r i l i z e d  
f l e x i b l e  f i l m  i s o l a t o r .  The vacuum i s  broken i n  . 
a d ry  n i t rogen  atmosphere. The spore crust  i n  t he  
Roux b o t t l e  d i s i n t e g r a t e s  i n t o  a f l u f f y  spore 
powder which i s  r e a d i l y  formed i n t o  t a b l e t s .  
1 8  
' j  
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10.9 The spore powder may be s t o r e d  i n  a s ea l ed  c o n t a i n e r  
i n  a -20 C freezer .  u n t i l  requi red .  
lo.  10 The spore powder i s  placed under con t inua l  
evacuat ion f o r  one week. 
10.11 Procedure 10.8 i s  followed, and the  spores  a r e  
formed i n t o  t a b l e t s  wi thout  f u r t h e r  delay.  
11.0 Qual i ty  Assurance. 
b i o l o g i c a l  assay t o  determine t h e  number of  v i a b l e  
One' t a b l e t  i s  subjec ted  t o  
r e f r a c t i l e  spores ,  p e r  gram of  spore  powder, and t o  
assume t h a t  the Spore Lot i s  of s u i t a b l e  thermal 
r e s i s t a n c e .  - 
11.1 The t a b l e t  suspension from 11.0 i s  d i l u t e d  t o  g ive  
a spore  concent ra t iog  s u i t a b l e  f o r  appl-ying 
approximately 1 x 1 0 ,  spores  to a group of 0.25 x 
1.0 inch  f i l t e r  paper s t r i p s .  The s t r i p s  a r e  a i r  
d r i e d  and subjec ted  t o  r o u t i n e  thermal r e s i s t a n c e  
tests a% 135 C. 
i 
